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ABSTRACT 
In vitro autolytic reactions in zea mays (hybrid B73 X Mol7) coleop-
tile cell walls were investigated. Of interest were the polysaccharides 
which served as substrates, characteristics of the participating enzymes 
and the mechanism of hydrolysis. 
During cell wall autolytic reactions, 85 to 90% of the hemicellulosic 
0-D-glucan, which constituted as much as 117 yg per mg cell wall dry 
weight, was liberated from cell wall in the form of polymeric and mono-
meric products. Enzymolysis of the polymeric products with a purified 
bacterial glucanase specific for mixed-linkage glucans confirmed that 
g-D-glucan served as the primary substrate for autolytic reactions. Small 
quantities of galactose were observed; however, other major wall components 
consisting of xylose and arabinose were unaffected during autolytic 
reactions-. 
The autolytic enzymes were found to be tenaciously associated with 
isolated cell wall. Pretreatment of cell wall with detergents and ionic 
strength failed to significantly affect their autolytic potential. The 
use of high ionic strength (3 M) facilitated the dissociation of the en­
zyme-cell wall complex, and reconstitution studies confirmed that the salt-
sol ubilized enzymes included the autolytic enzymes. 
Purification of the cell wall enzymes disclosed both endo- and exo-
glucanase proteins. The former, apparently an erido-e-l,3-glucanase, had 
a molecular weight of 25,000 daltons and exhibited a pH optimum of 5.5. 
This enzyme was apparently responsible for initiating the autolytic dis­
solution of wall glucan. An exo-e-l,3-glucanase with a molecular weight 
V 
of 60,000 daltons was further purified using a cation-exchange procedure. 
The enzyme was strongly inhibited by inorganic mercurials and along with 
an exocellulase appeared to be responsible for the hydrolysis of endo-
enzyme-resistant polymeric glucan generated by the endoenzyme. It is 
believed that the capacity of the endoenzyme to degrade g-D-glucan was de­
pendent on the presence in the glucan of linkage sequences with regions of 
contiguous 6,1-3 glucosyl bonds. 
The results of studies employing mercuric chloride, nojirimycin and 
glucono-ô-lactone suggested that g-glucosidase activity was not required 
for glucan hydrolysis. 
Cell wall glucanases have frequently been implicated as having some 
role in auxin-induced growth. The glucanases participating in autolytic 
reactions did not appear to be under the direct control of auxin. 
1 
GENERAL INTRODUCTION 
Growth in higher plants, as defined in terms of an increase in tissue 
size or volume, necessarily implies a process which involves the cell wall, 
an extracellular polysaccharide and protein matrix which imparts a charac­
teristic morphogenetic form and also strength to plant tissue (1, 15, 46). 
A general feature of the primary cell wall is its ability to undergo ex­
tension growth while preserving the structural integrity of the wall prop­
er. Cell wall growth clearly involves an integrated effort of processes 
occurring at all levels of metabolism (48); however, it is ultimately the 
cell wall which, through some mechanism affecting its rheological proper­
ties, undergoes a turgor-driven, irreversible extension which at the tis­
sue or organ level is perceived as an increase in size. 
Interest in elucidating the mechanism and control of cell wall exten­
sion has been generated because of the well-known fact that auxin, a 
naturally occurring plant growth regulator, controls extension growth in 
higher plants. It is generally agreed, however, that auxin exerts its 
effect not directly on the cell wall, but rather intracellular y (92), 
whereupon wall loosening occurs following the transfer to the cell wall 
of unknown messengers which either directly or otherwise affect the cell 
wall. 
A number of investigators have shown that auxin, in promoting tissue 
growth, also caused tissues to secrete hydrogen ions (15-17). Still un­
known, however, is how protons, following their transfer and incidental 
acidification of the cell wall, are able to bring about the modifications 
responsible for wall loosening. Cleland (15), in a review of early 
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literature on this subject, concluded that the mechanism of proton-induced 
growth could be explained in terms of the hydrolysis of acid-labile bonds. 
His arguments were primarily based on the observations that proton induced 
growth occurred in the pH range from 3.0 to 3.5 which was considered un­
favorable to account for a mechanism involving hydrolytic enzymes. Tech­
niques which permitted a more accurate measurement of cell wall pH and 
the discovery that the waxy cuticle posed a barrier to the movement of 
hydrogen ions (16) have shown that the growth promotive effects of hydro­
gen ions occurred at the more physiological pH values of 5.0 to 5.5. 
CI eland and Rayle (17) suggested on the basis of these findings that pro-
ton-induced extension was probably mediated by as yet unidentified hydro­
lytic enzymes. 
Indirect evidence for a role of hydrolases in growth has been pro­
vided by the numerous studies of auxin and its effect on the cell wall 
composition in growing tissues. It is generally accepted that at least 
the initial response to auxin can occur in the absence of appreciable 
levels of net wall synthesis (l, 15; 54-, 75)= These studies have fre­
quently focused on the auxin-mediated cell wall metabolism occurring in 
tissues maintained under conditions to minimize wall synthesis. 
Ray (76) examined wall changes in growing, excised coleoptile cylin­
ders and observed that a rather specific effect of auxin was a promotion 
in the loss of an acid-soluble wall fraction containing glucose and galac­
tose. Katz and Ordin (38) obtained similar results in pulse-chase experi­
ments; a specific effect of auxin was an enhanced turnover of an acid-
soluble, noncellulosic glucan. Loescher and Nevins (50, 52) confirmed 
these findings and were able to show that the auxin effect on cell wall 
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glucose could be temporally separated from the wall extension process. 
Incubation of coleoptile cylinders in mannitol solutions of sufficient 
strength to inhibit auxin-induced extension had little effect on the auxin-
enhanced promotion of glucan turnover. Sakurai and Masuda (81, 82) demon­
strated a similar effect of auxin on the wall composition in barley coleop-
tiles and they further demonstrated that the glucose decrease was corre­
lated with a change in the stress-relaxation parameter, T^, which had 
earlier been shown by Yamamoto and Masuda (99) to accurately reflect rheo-
logical changes associated with auxin-induced wall extensibility. 
Nevins (62) and later Sakurai et al. (83) found that nojirimycin, 
a potent inhibitor of exoglucanases (78), inhibited auxin-induced growth 
and the auxin-promoted change in wall glucose composition. 
Investigations of cell wall metabolism in monocot tissues have, there­
fore, consistently shown that the most apparent effect of auxin is its 
promotion in the metabolism of a noncellulosic glucan polysaccharide. The 
hypothesis was advanced that certain wall-bound glucanases probably played 
a critical role in this process (38, 50, 63, 66, 81). 
The participation of glucanases in growth metabolism was strongly 
supported by the reports from Masuda's laboratory (55, 57, 91) that a 3-
glucanase preparation from the fungus scierotinia libeitiana mimicked auxin 
in promoting the growth of excised coleoptiles and dicot stem segments. 
These workers later reported (56) that exoglucanase and not endoglucanase 
was responsible for the growth promotive effects of the fungal enzyme 
preparation. Other investigators have had difficulty in confirming these 
results (15, 80). RuêSlnk (80) concluded on the basis of coleoptile growth 
assays performed with glucanases prepared from the fungus Myrothecium 
4 
that glucanases did not participate in the control of cell elongation. 
Digby and Firn (23) and Evans (24) have also raised objections to the view 
that glucanases participate in growth metabolism. 
While effort was being directed at elucidating the role of glucan 
metabolism in cell wall extension, other workers strongly opposed the view 
that wall glucan in monocot tissues was involved in wall loosening. 
Albersheim and co-workers (2, 12) were unable to confirm the presence of 
significant quantities of a noncellulosic glucan in cell walls derived 
from suspension-cultured oat embryo cells. They argued that such glucans 
were present only in cell walls derived from storage tissues and, thus, 
probably served in the capacity of storage polysaccharides. Darvill et 
al. (19) presented a similar view. 
Huber and Nevins (34) resolved this dilemma when they demonstrated 
that a bacterial amylase preparation, of the type used by Albersheim's 
group to remove nonstructural glucans (starch) from cell walls prior to 
compositional analyses, contained a highly active 3-D-glucanase. Huber 
and Nevins (34) purified the bacterial glucanase from a variety of com­
mercially available bacterial amylase preparations and later Nevins et al. 
(66) demonstrated that the glucanase was capable of dissociating monocot 
cell wall e-D-glucan. A consideration of the spécificités of the enzyme 
(60) and detailed analyses of the enzyme-generated products (100) estab­
lished that the monocot cell wall glucan was of the 8,1-3:3,1-4 mixed-
linkage type, identical in many respects to glucans derived from endo­
sperm tissues (94). This glucan was subsequently found to be a wall com­
ponent in a variety of grass species examined (61). These findings were 
later confirmed by Labavitch and Ray (44) and Anderson et al. (3). 
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Active wall metabolism is also an obvious characteristic of growing 
dicot tissues. Numerous workers have reported that growth in intact or 
excised dicot tissue is accompanied by the turnover of glucose and galac­
tose polysaccharides (53, 65, 67, 68). Labavitch and Ray (43, 45) examined 
polysaccharide turnover in prelabeled pea stem segments and while they 
observed a significant turnover in a wall galactose fraction, they were 
unable to attribute these changes to any specific effect of auxin. They 
emphasized instead the small but consistent effect of auxin in promoting 
the turnover of a xyloglucan polysaccharide. Decreases in cell wall xylo-
glucan were accompanied by a reciprocal increase in the quantity of a water 
soluble xyloglucan. Gilkes and Hall (29) confirmed these findings and 
further demonstrated that kinetin, which inhibited extension growth in 
pea stem segments, suppressed xyloglucan turnover. 
Direct evidence for a role of cell wall hydrolases in cell wall 
metabolism emerged from studies of enzymes associated with the walls of 
growing tissues. Nevins showed (64) that the activity of a 6-glucosidase 
from bean hypocotyl tissue ccincidsd with the phase of most rapid extension 
growth. Murray and Bandurski (61) noted a similar relationship in studies 
of a 6-glucosidase in pea epicotyl tissue. They found, however, that the 
level of e-glucosidase activity per cell remained rather constant during 
the phase of rapid wall elongation and th^ postulated that the activity 
of the enzyme subsided as dilution occurred during wall synthesis. Datko 
and Maclachlan (22) concluded that the primary function of e-glycosidases 
in pea epicotyl tissue was to participate in processes related to cell 
division rather than cell extension. Auxin stimulated the activity of 
glucosidase, but only after 24 hours by which time the exogenously added 
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auxin was observed to have promoted the development of localized areas of 
cell division. Maclachlan placed more emphasis on the role of cellulase 
enzymes in growth metabolism (26, 27). 
Johnson et al. (36) reported an auxin effect on Avena coleoptile g-
galactosidase activity, assayed in vivo by incubating tissue in a medium 
containing nitrophenol substrate. They observed a 36% stimulation in g-
galactosidase activity following a one-hour period in auxin, and this 
stimulation was suppressed by cycloheximide as well as by low pH. They 
suggested that the auxin stimulation of B-galactosidase was brought about 
by auxin-induced proton secretion. Their data showed, however, that 
while pH values in the range from 3.0 to 3.5 were equally effective in 
promoting growth, the level of g-galactosidase activity dropped sharply at 
pH values below 4.5. Tanimoto and Igari (90) also observed an effect of 
auxin on in vivo e-galactosidase, but not other glycosidases, in etiolated 
pea stem segments. Auxin stimulated the activity of this enzyme by 29% 
while it simultaneously stimulated growth by 37%. Evidence that the stimu­
lation of galactosidase activity vvss not msrsly growth dependent was pro­
vided by their observation that mannitol supplied in sufficient concentra­
tion to suppress auxin-induced growth did not obviate the auxin stimula­
tion of enzyme activity. These workers stressed a relationship of this 
auxin effect to the changes in wall galactose which accompany auxin-in-
duced growth. 
Additional instances of auxin stimulation of enzyme activity have 
been reported for monocot tissues. Heyn (33) reported g-glucosidase, exo-
cellulase and a glucanase of unknown specificity in crude cell wall 
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preparations derived from Avena. coleoptile tissue. He later demonstrated 
that a cell wall-associated dextranase showed greater activity in walls 
derived from auxin-treated tissue (32). Masuda and Yamamoto (58) re­
covered greater levels of soluble glucanase activity from Avena coleoptile 
which had been treated with auxin. Following longer incubation in the 
hormone, the enhanced activity was also detected in the wall fraction. 
They speculated that auxin promoted the synthesis or transport of enzymes 
involved in the modification of cell wall glucan. The enzyme(s) affected 
by auxin was not identified, nor was an attempt made to isolate and charac­
terize it. Tanimoto and Masuda (91) reported the stimulation by auxin of 
hemicellulase activity in both barley coleoptile tissue and pea stem seg­
ments. Again, no attempt was made to characterize the enzyme(s) respon­
sible for the enhanced activity of the crude enzyme preparations; however, 
it was suggested that glucanases were involved. 
Another line of evidence derived from studies of bacterial cell walls 
has provided considerable information concerning the role of wall-bound 
enzymes in cell wall metabolism. Shockman et al. (86) have referred to 
proteins suspected of having some role in wall metabolism as "autolysins," 
a term later adopted by Lamport (46) in his attempt to categorize unspeci­
fied enzymes which participate in plant cell wall metabolism. 
Cell wall-bound enzymes in bacteria have been suggested to partici­
pate in processes related to cell division (79), cell wall turnover (13, 
59, 95) and cell surface enlargement (25). These wall-bound enzymes, or 
autolysins, which remain tightly associated with isolated cell wall, ex­
hibit as a general characteristic a capacity to mediate an in vitro solu­
bilization of cell wall polymers. This in vitro reaction has been termed 
8 
"autolysis" and is believed to reflect metabolism occuring in vivo 
(13, 59, 86). 
Autolytic reactions in numerous bacteria have been investigated and 
it is generally accepted that they occur primarily in the peptidoglycan 
wall layer (25, 59, 85-87). One particularly well characterized autolytic 
system is that of the bacterium streptococcus faecaiis. Isolated cell 
walls of this bacterium, when incubated in buffer, released highly cross-
linked peptidoglycan polymers with molecular weights ranging from 10,000 
to 25,000 daltons (87). Analysis of these products showed that at least 
90% of the glycosidic bonds between N-acetylglucosamine and N-acetylmuramic 
acid had been hydrolyzed. The enzyme was tentatively identified as a 3-
N-acetylmuramidase. Williamson and Ward (95) have identified a similar 
enzyme as the autolysin of Clostridium perfringes and they have claimed 
that glycosidases were also involved. Shockman et al. (86, 87) demon­
strated that the capacity of isolated cell wall to undergo autolytic re­
actions reached a maximum during the exponential growth phase and there­
after It decreased significantly. Shungu et al. (SB) have argued, hcw= 
ever, that the potential for autolytic activity in cell walls derived from 
Staphylococcus aureus showed no decline in postexponential cells. They 
claimed that the rate of cell wall turnover was independent of the stage 
of growth, but rather dependent on the activity of the autolytic enzymes. 
Recent studies of autolytic mutants have provided more convincing 
evidence of the importance of autolytic enzymes in bacterial wall growth. 
Autolytic defective mutants of streptococcus faedum (88) and staphylo­
coccus aureus (97) exhibited lower growth rates, a decrease in autolytic 
potential and an increased ratio of latent to active autolysin. 
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Another feature of bacterial autolytic systems is the tenacious as­
sociation of the aUtolysin-cell wall complex. Brown et al. (11) pointed 
out the difficulties in isolating these enzymes and they and others sug­
gested an involvement of the covalent association (86). Evidence for 
this was provided by the observation that the autolysins were released 
from the cell wall only after complete dissolution of the wall had occurred 
(87). 
Evidence against a covalent association was provided by Shockman and 
Cheney (85) who subjected the autolytically released autolysin to molecu­
lar sieve and ion-exchange chromatography. Whereas the liberated auto­
lysin contained a significant quantity of associated carbohydrate, fol­
lowing purification little remained associated with the enzyme. 
Stronger evidence for noncovalent associations of autolysin and cell 
wall was provided by Pooley et al. (72), who demonstrated that autolytic 
activity, free of peptidoglycan contamination, could be extracted with 
the aid of high concentrations of lithium chloride. A strong electro­
static association v;ss suggested. Williamscn and Ward (95) used a similar 
technique to extract autolytic enzymes from cell walls of the bacterium 
Clostridium perfringes. Recently, dilute alkali has been recommended as 
an alternative procedure for extracting autolytic enzymes (18). 
Detailed studies of the autolytic enzymes of bacteria have provided 
information concerning the mechanism by which these enzymes are regulated. 
In studies of the bacterium streptococcus faecaiis, Pooley and Shockman 
(73) found, in addition to the wall-bound active autolysin, a latent, pro-
tease-activated form present in greater quantities in the cytoplasmic 
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fractions. They argued that active autolytic enzymes represent potentially 
lethal enzymes if not controlled. They postulated that the autolytic en­
zymes are transported to the cell wall in the latent form, as evidenced by 
the weak association of this form with cell walls, and only after the en­
zyme has been strategically situated in the cell wall does activation occur. 
The occurrence of autolytic reactions in isolated plant cell walls 
has received considerably less attention. Fleet and Phaff (28) reported 
details of autolysis in isolated yeast cell wall and identified the auto­
lytic enzymes as endo and exo-B-D-glucanases, which, during the course of 
autolytic reactions, liberated e,l-3 linked oligosaccharides and glucose. 
An interesting feature of this system was the allosteric control of the 
endoglucanase which became increasingly inactive as glucose accumulated. 
Autolytic reactions carried out to allow the continual removal of glucose 
resulted in more extensive wall solubilization. 
Although not reported as such, the occurrence of in vivo autolytic 
reactions was apparent in several studies of higher plant tissues. Dashek 
and Chrispeel5 (20) reported that isolated barley aleurOne layers incubated 
in buffer liberated xylose and arabinose both as free sugars and bound to 
larger molecules. This release was followed by the liberation of an endo-
xylanase. Taiz and Honigman (89) later reported that aleurone layers re­
leased an endo-e-l,4-xylanase as well as a g-xylosidase and an o-arabinosi-
dase. In vitro autolytic reactions employing isolated barley aleurone 
layer cell walls have not been reported. 
Other instances of apparent in vivo autolytic activity were apparent 
in studies of auxin-promoted xyloglucan turnover (43, 45), and in 
studies of pectin metabolism in ripening fruit (4, 10, 93, 98). 
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In both cases, the observed decreases in levels of the respective wall 
polymers were accompanied by a reciprocal increase in the level of water 
soluble polysaccharides. The occurrence of in vivo autolytic activity 
has recently been recognized as a factor responsible for the variable 
recovery of water soluble 3-glucan from malting barley (8). 
In vitro autolytic reactions in cell walls derived from higher plants 
and auxin-sensitive tissue in particular has been limited to the work of 
Katz and Ordin (37), Lee et al. (47), Kivilaan et al. (39) and Goldberg 
(30). Katz and Ordin (37) reported that isolated Avena cell wall released 
unspecified quantities of glucose which they attributed to the activity 
of tightly bound wall enzymes. No attempt was made to characterize the 
enzymes, but the authors speculated that the reaction involved both endo 
and exoglucanase activities. Autolytic activity in isolated phaseoius 
hypocotyl walls was reported by Goldberg (30), who attributed the activity 
to the presence of wall-bound glucanases. Although the characteristics 
of the enzymes were not investigated, Goldberg suggested that the reaction 
might reflect the activity of enzymes which were under the control of 
auxin. However, more recent studies of dicot cell wall glucan and glu­
canases have led some to suggest that they probably do not participate in 
hormonal-induced wall extension (97). 
Autolytic activity in isolated zea coleoptile cell wall was reported 
by Lee et al. (47) and Kivilaan et al. (39). They observed that isolated 
cell wall liberated a lichenan-like polymer and glucose which together 
accounted for nearly 10% of the cell wall on a dry weight basis. They 
emphasized the similarities between this in vitro reaction and the known 
effect of auxin on monocot cell wall composition (38, 50, 51, 81). 
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Studies of plant cell wall enzymes are often viewed with a healthy 
degree of skepticism in view of the possibility that the enzymes might 
represent contamination of isolated cell wall (31, 40, 46). Jansen et al. 
(35) demonstrated the remarkable capacity of isolated Avena cell walls to 
bind protein in a nonspecific manner. The binding capacity of Avena cell 
wall for a-chymotrypsin, for example, approached two mg per mg cell wall 
dry weight. Jansen et al. showed, however, that nonspecifically bound 
protein could be readily dissociated from the wall using ionic strength 
at a concentration of 1 molar. The possible contamination of cell wall 
preparation by nonspecifically bound protein has not been given considera­
tion in the majority of studies of cell wall glucanases, but has been more 
rigorously examined in studies of the well-documented cell wall enzymes 
peroxidase (21) and invertase (42, 49, 70). Parr and Edelman (70) con­
cluded on the basis of the failure of high ionic strength to solubilize 
significant quantities of acid invertase from carrot callus tissue cell 
wall, that a certain population of the enzymes were covalently bound. The 
same conclusion was reached by Dashek et al. (21) for a peroxidase in 
cell walls derived from germinating lily pollen. Hawker (31), however, 
showed that an invertase previously reported to be a cell wall enzyme 
could be completely dissociated using detergents, suggesting a more in­
timate association of the enzyme with membrane fragments which had been 
trapped by the wall. 
The rigorous criteria which investigators have employed to ascertain 
that a given enzyme is authentically associated with isolated cell wall 
have not; by and large, been similarly applied to studies directed at en­
zymes postulated to play some role in cell wall-loosening metabolism. 
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PREAMBLE 
A hypothesis held by a number of auxin physiologists is that cell 
wall hydrolases participate in the metabolism of wall-loosening. At the 
present time, the strongest candidates for this role, at least in monocot 
tissues, are the glucanases. 
In spite of the years which have passed since the suggestion was for­
warded that glucanases participate in growth metabolism, conclusive evi­
dence supporting this belief has not appeared. Reports of auxin affecting 
certain glucanases have not, in the author's judgement, alloted careful 
consideration to the possible multiplicity as well as the specificities 
of these enzymes. In many studies, experiments were implemented employing 
substrates foreign to the tissue and as such may not have reflected the 
activity or enhanced capacity of the enzymes to act on native cell wall 
polysaccharides. Therefore, while the coleoptile has long served as an 
experimental tissue for auxin research, surprisingly little is known of 
the glucanases present in it. 
To critically examine the functions and properties of cell wall glu­
canases, zea coleoptile cell walls were selected as an experimental sys­
tem. Aside from the brief reports of zea cell wall autolytic reactions, 
little is known concerning the enzymes involved and the manner by which 
they hydrolyze cell wall substrate. Cell wall autolysis of zea appeared 
to represent an ideal system with which to critically evaluate the "glu-
canase hypothesis" since it represented a natural enzyme-substrate re­
lationship. 
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Additionally, an awareness of the successful research conducted on 
microbial autolytic systems encouraged a thorough investigation of auto-
lytic reactions occurring in cell walls derived from higher plant tissues. 
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SECTION I. 
AUTOLYSIS OF THE CELL WALL g-D-GLUCAN 
IN ZEA MAYS COLEOPTILES 
16 
ABSTRACT 
Corn (zea mays, hybrid B73 X Mol7) coleoptile cell walls prepared and 
incubated in buffer autolyzed as much as 100 pg per mg dry weight over a 
36 hour period. This activity was attributed to the release of B-D-glucan 
which constitutes as much as 110 yg per mg of the cell wall on a dry weight 
basis. Gel-exclusion chromatography (Bio-Gel P-2) of the autolytically 
solubilized products revealed the presence of a polymeric component and a 
monosaccharide, and time course studies showed that the polymeric component 
was progressively converted to monosaccharide. Glucose was the only mono­
saccharide detected. 
Treatment of the polymeric component with a bacterial glucanase 
specific for e(l->-3):3{l-^) mixed-linkage glucans yielded distinctive tetra-
and tri saccharides which is consistent with the hypothesis that it was 
derived from wall $-D-glucan. At least 90% of the autolysis products were 
derived from this wall component. 
The tolerance of autolytic activity to detergents and high salt con­
centrations provided evidence that the enzymes responsible are strongly 
associated with the wall. 
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INTRODUCTION 
It has been clearly shown that the cell walls of various grasses con­
tain a 6-D-glucan which constitutes a major percentage of their hemicellu-
lose. Structural studies demonstrated that the wall glucan is similar to 
the caryopsis glucans derived from oats and barley, and in several in­
stances this work was greatly facilitated by application of a bacterial 
B-D-glucanase which is highly specific for glucans of the mixed-linkage 
type (13, 18). 
The effect of auxin, i.e., auxin promotes a decrease in wall glucan, 
led to suggestions that the glucan is involved in extension growth. This 
view was supported by reports that a fungal glucanase had growth inducing 
capacity (16) and that auxin, in some instances, caused an apparent in­
crease in cell wall glucanase activity (10, 17). It is generally con­
sidered that cell wall hydrolases are somehow involved in mechanisms lead­
ing to and perhaps resulting in wall loosening, and in this respect the 
auxin effect on wall glucan would seemingly implicate a role of specific 
hydrolases, i.e., those capable of modifying the glucan. 
In what constituted the first reports of autolysis in isolated plant 
cell walls, Lee et al. (14) and Kivilaan et al. (11) showed that cell walls 
derived from zea coleoptiles solubilized a polysaccharide which was par­
tially characterized and found to be structurally similar to lichenan. 
This work pointed out that cell walls contain active hydrolases and per­
haps more important, it showed that these hydrolases were capable of modi­
fying a specific cell wall constituent. However, the relationship between 
the autolytically solubilized glucan and that which is modified by auxin 
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has not been shown. Since the auxin-sensitive glucan can be specifically 
dissociated from isolated cell walls with a bacterial G-D-glucanase (18), 
this enzyme was employed to investigate such a relationship. 
Information regarding the enzymes involved in the autolysis reaction 
(autolysins), and especially the nature of their binding to the cell wall, 
was sought. In this report we also describe an expedient procedure for 
the preparation of autolytically active walls. This method, which pre­
cludes the necessity for using glycerol, yields sufficiently clean wall 
preparation with a high, remarkably consistent autolytic capacity. 
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MATERIALS AND METHODS 
Plant Material 
Imbibed corn caryopses (zea mays, hybrid B37 X Mol7) were sown on 
vermiculite moistened with distilled water and maintained under dim red 
light for 60 hr. The seedlings were transferred to darkness for an addi­
tional 12 hr. Coleoptiles with apical tip and first leaf removed were 
frozen immediately upon excision by emersion in liquid nitrogen and 
o 
stored at -20 C. The coleoptiles were always used within 10 days after 
excision. 
Wall Preparation 
Coleoptiles (10 to 30 g) were homogenized in ice-cold Na-phosphate 
buffer (50 to 150 ml, 10 mM, pH 7.0) for 5 min using a Sorvall Omnimixer 
set at maximum speed. The homogenate was transferred to a coarse fritted-
glass filter and with suction applied, washed with one liter of ice cold 
homogenizing buffer. The walls were then washed with acetone (200 ml at 
-20°C) followed by an additional cold buffer wash. During the washing 
procedure, the wall was maintained in suspension by continuous stirring. 
Autolysis Experiments 
Following the final aqueous wash, the walls were suspended in a small 
volume of ice-cold distilled water and the suspension divided into samples 
of approximately equal volume. The samples were transferred to a coarse 
fritted-glass filter (60 ml), the liquid renoved by applying mild suction 
and the walls plaeed in 10 to 15 ml of Na-phosphate buffer (10 mM* pH 6.5) 
containing 0.02% sodium azide to suppress microbial interference. The 
autolysis reactions were carried out at 24°C in 30 ml glass centrifuge 
tubes. The mixture was stirred continuously with a 6 mm stirring bar. 
Lithium Chloride and Detergent Pretreatments 
Wall samples (40 to 50 mg dry weight) were transferred to LiCl solu­
tions (ca. 50 ml) ranging in concentration from 1 to 12 M and stirred for 
30 min at 1°C. Following the pretreatment, the liquid was removed and the 
walls washed with 250 ml of ice-cold distilled water. The walls were then 
suspended in the reaction buffer. In another experiment, walls were sub­
jected to a 30 min pretreatment in solutions containing digitonin (0.5%), 
sodium taurocholate (0.5%), sodium deoxycholate (1%), Triton-X 100 (0.5%) 
or sodium dodecylsulfate at concentrations of 0.2% or 1%. Detergent 
treated walls were rinsed with 200 ml of ice-cold distilled water followed 
by 50 ml of cold (-20°C) acetone. After a final aqueous rinse, the walls 
were placed in the reaction buffer. 
Analytical methods 
Unless otherwise indicated, the autolysis reactions were terminated 
after 30 to 36 hr. Wall weight estimates were determined by difference 
after collecting and drying the wall on glass fibre filter discs (Whatman 
GF/C) which had been dried to constant weight. The filtrate containing 
soluble products was boiled for 10 min and assayed for total and reducing 
sugars with the phenol-sulfuric (7) and Nelson-Somogyi (25) methods, re­
spectively. Initial cell wall dry weight estimates were obtained by add­
ing the final dry weight of insoluble wall (measured) to the total soluble 
sugar value obtained using the phenol-sulfuric assay. 
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In time course studies, 0.5 ml subsamples were withdrawn at intervals 
and filtered through glass fibre filters (Whatman GF/C). The residual 
wall material was washed with a small volume of distilled water and re­
turned to the reaction vessel. The filtrate and washing were combined 
and assayed for total and reducing sugars using the methods described. 
Gel-chromatography 
An aliquot of the soluble autolysis products (usually one mg) was con­
centrated to a volume of approximately one ml and applied to a water-
jacketed Bio-Gel P-2 column (-400 mesh; 60 x 1 cm) operated at 50°C. One 
ml fractions were collected at a rate of 12.6 ml*cm"2.hr"i and from these 
0.1 or 0.5 ml samples were analyzed for total sugars. The monosaccharide 
product was examined using the glucose oxidase assay (Worthington) and by 
descending paper chromatography on Whatman No. 1 in the solvent system n-
butanol:benzene;pyridine:water (5:3:3:1 v/v). The chromatographed sugars 
were visualized with alkaline silver nitrate (26). 
Enzymatic Analysis 
A Bacillus suitiiiis 3-0-glucanase purified by ion-exchange and 
molecular sieve chromatography (Huber, Department of Botany, Iowa State 
University, unpublished) was used to assess cell wall glucan content and 
to estimate the glucan content in the autolysis products. Following 
Bio-Gel fractionation of the autolysis products, fractions 18-23 (void) 
were combined and reduced in volume to 1 ml and treated with 0.1 ml 
(2 yg) of the purified e-D-glucanase for 5 hr at 30°C (K-phosphate buf­
fer, 10 mM, pH 6.5). The reaction was terminated by boiling for 5 min 
after which the sample was applied to a Bio-Gel P-2 column. 
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The total quantity of tri- and tetrasaccharide products was used as an 
index of the e-D-glucan content. Starch content was evaluated as previous 
ly described (15), but no significant amount was detected. 
Protein Determinations 
Five mg wall samples were acid digested (in boiling cone H2S04:water 
1/1, v/v), and the percent nitrogen measured by Nesslerization. Protein 
content was estimated using the conversion factor 6.25. 
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RESULTS 
Freshly prepared zea coleoptile cell walls exhibited a high autolytic 
capacity. In a 36 hr incubation period, approximately 100 yg sugar equiva­
lents per mg of their dry weight were solubilized (Figure 1). During the 
first 10 hr, the rate was approximately linear, and in six experiments 
involving different wall preparations, the observed variability was less 
than 10%. Boiled walls typically liberated less than 10 yg per mg, but 
since this activity occurred during the first 6 hr followed by little or 
more often no additional weight loss, it seems likely that the apparent 
autolytic activity of boiled walls represented a nonenzymatic dissociation 
of certain hot-water soluble components. Reducing sugars were not detected 
before 6 hr, but thereafter they increased at a linear rate. Boiled walls 
did not liberate measurable amounts of reducing sugars. 
To examine the autolytically liberated products, the autolysis reac­
tion was terminated and the soluble components fractionated on a Bio-Gel 
P-2 column. The profiles in Figure 2 illustrate the products obtained 
after autolysis reactions of 6 hr (Figure 2, A) and 26 hr (Figure 2, B), 
and in both cases a polymeric component (DP > 10) and a monosaccaride were 
the only detectable products. A comparision of these profiles suggested 
that the monosaccharide increased at the expense of the polymeric compo­
nent which accounted for 70% and 30% of the reaction products after 6 and 
26 hr, respectively. Table 1 lists the relative amounts of polymeric and 
monosaccharide products observed after autolysis reactions for periods of 
up to 100 hr, and since no further increase in yield occurred after 36 hr, 
these data indicate that the larger product was enzymatically converted to 
Figure 1. Autolysis of isolated zea coleoptile cell walls as a function of time 
Wall samples (ca. 50 mg dry weight) were incubated at 24°C in K-phosphate buffer (15 mM, 
pHl 6.5) which contained 0.02% sodium azide. At the indicated times, subsamples were re­
moved and analyzed as described in the Materials and Methods section. Units are given as 
yg per mg cell wall dry weight. Active walls (o); Boiled walls (•). 
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Figure 2. Bio-Gel P-2 profiles of the liberated products after autolysis 
for 6 and 26 hr 
A sample of the autolytically liberated products totaling one mg 
was concentrated to a volume of one ml and applied to a water-
jacketed Bio-Gel P-2 column operated at 50°C. The sample was 
eluted with 20 mM sodium chloride at a flow rate of 12.6 ml-cm'^. 
hr-i. One ml fractions were collected and analyzed for total 
sugars using the phenol-sulfuric method. A (6 hr); B (26 hr). 
V, void; S, stachyose; R, raffinose; C, cellobiose; G, glucose 
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Table 1. Composition of polymeric and monomeric autolysis products ob­
tained after reacting walls for the times indicated 
Time 
hr Polymeric 
- Percent 
Monomeric Yield (wg'mg-i) 
6 70 30 30 
10 60 40 50 
14 50 50 65 
20 43 57 80 
26 34 66 90 
36 30 70 102 
50 20 80 104 
80 15 85 104 
100 3 97 106 
monosaccharide. Employing the Glucostat method and paper chromatography, 
it was determined that glucose was the only monosaccharide regardless of 
when the autolysis reaction was terminated. This is in agreement with 
earlier reports on plant cell wall autolysis (11, 14). 
Enzymatic Analysis of the Polymeric Product 
Other than cellulose, the only homoglucan reported to be an integral 
part of the grass cell walls is a g-D-glucan of the mixed-linkage type. 
Nevins et al. (18) daîionstrated that this wall component can be specifical­
ly dissociated from isolated grass cell walls using a Bacillus subtuis 
g-D-glucanase, an enzyme whose specificity is restricted to the hydrolysis 
of glucans containing an arrangement of g,l-3 and 3*1-4 linkages. The 
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action pattern of this enzyme has been described (22) and is such that 
upon treatment of isolated grass cell walls or Avena caryopsis glucan two 
products, 3-0-e-cellobiosyl-D-glucose and S-O-p-cellotriosyl-D-glucose, 
are obtained (8, 18). Therefore, the appearance of tetra- and trisaccha-
ride products upon enzymolysis with the bacterial g-D-glucanase is indica­
tive of the presence of g-D-glucan. 
To estimate the g-D-glucan content of our autolytically active wall 
preparations, a sample (ca. 50 mg dry weight) which had been boiled to in­
activate wall-bound enzymes was treated with the Bacillus subtiiis glu-
canase preparation. This treatment yielded nearly 115 yg per mg on a dry 
weight basis and as much as 95% of the reaction products could be accounted 
for in terms of tetra- and trisaccharide products (Figure 3). These re­
sults indicate that walls contained up to 110 yg per mg of their dry 
weight as e-D-glucan. Employing paper chromatography, the tetra- and tri­
saccharide products were observed to comigrate with authentic samples of 
3-0-g-cellotriosyl-D-glucose and 3-0-3-cellobiosyl-D-glucose prepared 
Ô5 previously uëSCrIbêu (8).  
To test for the presence of g-D-glucan in the autolytically solubi-
lized components, the samples comprising the void volume of the Bio-Gel 
P-2 fractionated autolysis products (see Figure 2) were combined and 
treated with the b. subtiiis glucanase. The products generated in this 
reaction were applied to a Bio-Gel P-2 column and the profile (Figure 4) 
shows that the polymeric component was almost entirely converted to pro­
ducts eluting as tetra- and tri saccharides which confirms that it was de­
rived from wall glucan. 
Figure! 3. Bio-Gel P-2 profile of the glucanase products liberated from cell walls 
Fifty mg of autolytically inactive walls were treated with 3-5 yg of a highly purified 
B. sabtiiis g-D-glucanase in a total reaction volume of 5 ml (K-phosphate buffer, 10 mM, 
pH 6.5). After a 5 hr incubation at 30°C the mixture was boiled, filtered and a sample 
of the soluble products totaling one mg (ca. one ml) applied to a Bio-Gel P-2 column 
operated as described in the legend to Figure 2. 
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Figure 4. Bio-Gel P-2 profile of the products obtained upon glucanase treatment of the polymeric 
autolysis product 
Fractions comprising the void volume (see Figure 2) were combined, concentrated to a 
volume of one ml and treated with the bacterial glucanase for 8 hr. The mixture was 
boiled and applied to a Bio-Gel P-2 column operated as described in the legend to 
Figure 2. 
'v T 
.8 
.6 
.4 
C» Cl> 
w 
.2 
• ' 
/\ /" 
OL/1 
20 30 
Elutiion Volume (ml) 
50 
34 
We next addressed the possibility that the p-D-glucan which serves 
as substrate in the autolytic reaction might be resistant in the wall to 
the bacterial glucanase. This view implies that corn cell walls might con­
tain two distinct glucan fractions: one readily dissociated by glucanase 
(bacterial) treatment of isolated cell walls and another which serves as 
autolysis substrate, yet is possibly resistant, except in soluble form, 
to the glucanase. Samples of heat-inactivated walls and walls allowed 
to autolytically release a portion of their glucan were treated with the 
bacterial enzyme. The results are shown in Figure 5. It is clear that 
walls which have undergone some degree of autolytic dissolution yielded 
a correspondingly lower quantity of tetra- and tri saccharide products in­
dicating that they had a reduced level of 3-D-glucan. Boiled walls in 
the presence of the glucanase yielded the expected quantity of products 
(115 yg per mg). 95% of which eluted as tetra- and trisaccharides. 
To test for the presence of starch which might contaminate the wall 
preparation, a sample of inactivated walls was subjected to porcine pan­
creatic a-arnylase digestion. This treatment liberated less than 6 wg per 
mg on a dry weight basis and similar yields were obtained upon incubation 
of walls with inactivated amylase. Moreover, amylase activity could not 
be detected in our purified B. subtiUs glucanase preparations. These ob­
servations indicate that starch interference was not a factor in the auto­
lysis experiments. 
Protein 
Cell wall protein content estimated by quantitative determination of 
ammonium ion using Nessler's reagent yielded values in the range of 6-9% 
Figure 5. P-2 profiles of the products obtained upon b. subtiiis glucanase treatment of boiled 
walls and walls allowed to autolyze to completion 
Cell wall samples, both active and boiled, which had autolyzed for 36 hr (for example, 
see Figure 1), were filtered, washed and placed in fresh buffer (K-phosphate, 10 mM, 
pH (5.5) containing 3-5 yg of the purified bacterial enzyme. After a 5 hr incubation at 
30°C, the mixture was boiled, filtered, and the soluble products applied to a Bio-Gel 
P-2 column operated as described in the legend to Figure 2. Walls after 36 hr autolysis 
(o); walls initially boiled {•) 
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on a dry weight basis. While these values are not as low as those re­
ported for cell walls prepared using the Kivilaan et al. procedure (12), 
they are considerably lower than protein estimates for cell walls derived 
from oat coleoptiles (15) and from suspension-cultured oat tissue (2). 
Effect of detergents and high salt concentrations 
on autolytic capacity 
These studies were designed to provide information on the mode of 
binding of the enzymes responsible for the autolytic capacity of isolated 
cell walls. Of special concern was the possibility that such enzymes might 
represent contaminants which become associated with the walls following 
tissue disruption. An attempt was made to dissociate the autolytically 
active enzymes by employing detergents and high salt concentrations. 
Autolytically active walls (ca. 50 mg dry weight) were subjected to 
pretreatments in a series of LiCl concentrations ranging from 1 to 12 
molar. Figures 6 and 7 demonstrate that concentrations as high as 3 M 
had little effect on the autolytic potential, whereas a dramatic decrease 
was observed in walls which had been pretreated with LiCl concentrations 
of 5 to 7 M. Although walls treated with LiCl at concentrations of 5 to 
7 M exhibited some degree of autolysis, the activity was characterized by 
a notable reduction in the relative quantity of monosaccharide product 
(P-2 profile not shown). While this could be evidence that the glucose 
generating reaction is rate limiting and is perhaps preferentially inacti­
vated at these salt concentrations, it might also indicate that this reac­
tion (i,e,. enzyme) represents a contaminating feature of the autolytic 
system which may be more readily dissociated from the wall. Lower salt 
Figure 6. Autoiytic activity of cell walls pretreated with high salt concentrations 
Wall samples (50 mg dry weight) were pretreated in LiCl solutions for 30 min at 4°C. 
After removal of the salt, the walls were treated as described in the legend to 
Figure 1. Control (•), One M (o), 3 M (v) 6 M (•), 9 M (O). 
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Figure 7. Relationship between the relative autolytic capacity of walls treated with high lithium 
chloride concentrations and the amount of glucanase sensitive glucan remaining in the 
walls 
Cell wall samples (ca. 50 mg) which had been treated with the indicated LiCl concentra­
tions were incubated for 24 hr at 24°C. The soluble products were collected, assayed 
for total sugars and the autolytic activity expressed relative to that of an untreated 
sample which was denoted as 100% (left ordinate). Subsequently, the walls were boiled, 
filtered and placed in buffer containing a 3-5 yg of the bacterial glucanase. After a 
5 Ihr incubation at 30°C the samples were again boiled and the filtered products analyzed 
for total sugars using thi; phenol-sulfuric assay. The quantity of products which 
coiuild be dissociated from zero-time boiled walls (autolytically inactive) was denoted as 
100% of the remaining cell wall glucan content (right ordinate) and the values obtained 
for the autolytically active walls expressed relative to this. Relative autolytic 
activity (o); Glucan remaining in walls (•). 
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concentrations (1 to 3 M) had no influence on the relative molecular size 
distribution of the products. 
We considered the possibility that the salt pretreatments might be 
instrumental in removing portions of the autolysis reaction substrate, 
i.e., the p-D-glucan, thus resulting in an apparent decrease in autolytic 
capacity. However, the substrate was not extracted by incubation in LiCl 
and an inverse relationship was observed between the relative autolytic 
capacity of salt treated walls and the quantity of g-D-glucan which could 
be subsequently dissociated from the walls by treatment with the 
glucanase (Figure 7, Figure 9, D-F). 
Membrane fragments, which could harbor enzymes with a capacity to act 
on one or more wall components, were also considered as a possible source 
of contamination, especially since in routine experiments the walls were 
subjected only to acetone and not other organic solvents effective at re­
moving all lipid species. Chloroform-methanol (2:1, v/v) washing was 
found to have an adverse effect on the autolytic capacity; however, it 
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rather than a solubilization of membrane-associated proteins. This view 
was supported by the fact that chloroform-methanol treated walls retained 
70% of their autolytic capacity with no detectable change in the qualita­
tive features of the products. 
As an additional check for membrane contamination, autolytically 
active walls were subjected to pretreatments with a variety of detergents. 
The results are shown in Figure 8. With one notable exception, the de­
tergents did not greatly alter the autolytic potential of z@a cell walls. 
Figure 8. Autolytic activity of walls pretreated with detergents 
Cell walls were pretreated in detergents for 30 min after which time the walls were washed 
with acetone (-20°C) to ensure complete removal of the detergent. After a final aqueous 
wash, the wall samples were treated as described in the legend to Figure 1. Sodium 
taiLirocholate, 0.5% (o); Digitonin, 0.5% (#); Sodium deoxycholate, 1% (T); Tri ton-X 100, 
0.5% (v)i Sodium dodecyl sulfa te, 0.2% (•). Inset: Autolysis of active (•) and boiled (o) 
walls for cranparison. 
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More than likely, the effects of the detergents can be interpreted in 
terms of their ability to interact with the autolysins, since it is ex­
pected that the release of contaminating, membrane-associated proteins 
would result in greatly reduced autolytic capacity. Most detergents, 
with SDS being the best known example, are capable of associating with, and 
thereby inactivating proteins. However, this effect would vary consider­
ably in magnitude among different detergent species (6). Walls treated 
with the detergent SDS at a concentration of 1% exhibited no autolytic 
activity during the subsequent 24 hour period, but thereafter an increas­
ing rate of activity was observed. Possibly the SDS treated walls auto-
lyzed initially at undetectable levels (kinetic data argue against this 
view) or the autolysins were capable of renaturation, albeit incomplete, 
upon removal of the detergent. 
As with the salt treated walls, the b. subtiiis glucanase was em­
ployed to determine if the detergents were instrumental in dissociating 
wall 3-D-glucan. That this was not the case is shown by the data in 
Figure 9 (G-L). From this summary figure» it is evident that none of the 
treatments removed cell wall glucan since in all cases the sum of the 
products obtained autolytically and from B. subtiiis glucanase treatment 
approached the expected value for initial cell wall glucan content. In 
some instances, these totals slightly exceeded the expected value which 
reflects the presence of minor quantities of nonglucan polysaccharide in 
both the autolysis (10-15%) and glucanase treatment (5%) products. 
Figure 9. Summary diagram showing the relationship between the quantity of autolytically liberated 
polysaccharide and that which can be dissociated upon treatment with the 
glucanase 
Cell wall samples were incubated for approximately 36 hr (see Figures 1, 6, and 8). 
The reactions were terminated and the total quantity of solubilized products (yg per mg 
cell wall dry weight) illustrated as the shaded portion of each bar in the Figure were 
determined. The residual wall material was then treated with the b. subtms p-D-glucan-
ase and the amount of products released is illustrated as the open portion of each bar 
In the Figure. A-C, Active walls, boiled walls, walls dried at room temperature for 7 
days; D-F, Lithium chloride treated walls, 3, 6 and 9 molar; G-L, detergent treated walls, 
1% (G) and 0.2% (H) SDS, 0.5% digitonin (I), 0.5% sodium taurocholate (J), 1% sodium de-/ 
oxycholate (K), 0.5% triton-X 100 (L). 
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DISCUSSION 
The results of this investigation show that the polysaccharide, which 
serves as substrate for zea cell wall autolysis, is the mixed-linkage 
g-D-glucan (18). Our data further show that the autolysins are tenaciously 
wall bound. Lithium chloride concentrations as high as 3 M, as well as 
an assortment of detergents, had no appreciable effect on autolytic capaci­
ty which abates the 1 ikelihood that proteins bound through weak electro­
static interactions, or that membrane associated proteins are involved. 
That the cell wall preparations autolyzed at remarkably consistent rates 
is additional evidence that interference from contaminants was minimal. 
While limited information is available concerning autolysis in plant 
cell walls, a number of bacterial species have been well characterized in 
terms of their in vitro wall autolytic capacity, and it is interesting 
that investigators generally concede that the process is closely associ­
ated with wall metabolism occurring during cytokinesis and cell elonga­
tion (24, 27). It is tempting, but certainly premature, to extrapolate 
this concept to the case of plant cell wall autolysis; nonetheless, the 
point is made that in vitro autolysis is perhaps a manifestation of metab­
olism associated with wall loosening. The fact that the autolysis sub­
strate, the 6-D-glucan, is somehow modified in response to auxin (15, IS) 
lends credibility to this view; however, meaningful relationships between 
the two processes awaits further studies concerning the precise role of 
the g-D-glucan in elongation growth. 
Our work substantiates the view that the autolysins are tightly asso­
ciated with the wall. Proteins which might adhere to the walls during 
49 
tissue disruption would likely associate through nonspecific, and there­
fore, rather weak electrostatic interactions. Jansen et al. (9) demon­
strated that protein (e.g. o-chymotrypsin) bound nonspecifically to iso­
lated Avena coleoptile Cell walls could be eluted with salt at a concen­
tration of 1 M. Salt treatment was observed to adversely affect autolytic 
capacity only when concentrations exceeded 3 M and essentially complete in­
hibition was observed using concentrations of 8 M or greater. The nature 
of the high salt inhibition was not examined here, but several obvious ex­
planations include the possibility that the salt facilitated removal of 
the autolysins, or perhaps inactivated them. That the latter possibility 
need not be the case is exemplified by investigations of bacterial wall 
autolysis, wherein salt concentrations exceeding 6 M were successfully em­
ployed to dissociate wall-bound autolysins which still retained their 
wal1-degrading activity (20). In another study, 3 M LiCl was used to dis­
sociate an a-mannosidase from cell walls derived from Avena (5). In these 
studies and in the present one a persistent problem is one of providing 
convincing evidence that such proteins are not contaminants, since the 
very fact that these proteins can, in some cases, be dissociated from the 
wall raises questions as to the authenticity of such associations in vivo. 
The possibility that covalently bound enzymes participated in the 
autolytic reactions can not be discounted because high salt may irre­
versibly denature certain enzymes responsible for the process. We have 
observed, however, that high salt extracts of isolated zea cell walls 
contain some enzymes with the capacity to participate in the autolysis 
process, suggesting that at least a portion of the autolysins are bound 
50a 
through ionic forces. Both covalent and ionic-associated peroxidase (3) 
and invertase (19) enzymes have been claimed based on the observation that 
high ionic strength removed only a portion of the total wall-bound activity. 
Covalently associated autolysins could conceivably be advantageous in im­
parting a regulatory mechanism to an extracellular process possibly lack­
ing direct metabolite control. 
Aside from covalent or strong electrostatic autolysin-cell.wall associ­
ations, sufficient strength to impart resistance to high salt concentration 
could be provided by cooperative binding of the type characterized by en-
zyme-substrate interactions. This view implies that the autolysins might 
be bound through specific recognition sites to their substrate, the g-D-
glucan, or perhaps to other sites which may constitute regions through 
which the glucan is joined to other wall components. In this respect, it 
is interesting that in yeast cell wall autolysis the autolysins are 
liberated only after virtually complete autolytic dissolution of the cell 
wall has occurred (4). Bacterial autolysins are extremely labile when 
removed from the cell wall environment (23) indicating that the wall it­
self imparts stability to the enzymes. 
While the autolysins in corn cell walls have not been identified, 
the autolysis reaction appears to invoke at least a two-enzyme mechanism 
involving both endo- and exoenzyme activities as evidenced by the appear­
ance of polymeric e-D-glucan and its conversion to glucose. However, the 
possibility that additional enzymes whose reaction products remain at un­
detectable levels due to degradation by subsequent reactions can not be 
precluded. 
50b 
The autolysis reaction is of physiological interest in view of the 
fact that it mimics wall metabolism which accompanies auxin-induced elonga­
tion (15, 18, 21). In the absence of an exogenous carbon source, auxin 
causes a decrease in the level of cell wall B-D-glucan. Such turnover 
might presumably involve enzymes of a similar nature to the autolysins 
since, if this is not the case, one is left to explain the presence in 
cell walls of enzymes capable of modifying the glucan in vitro yet playing 
no role in its metabolism in vivo. Nonetheless, in vitro autolysis would 
not be expected to resemble in all details in vivo glucan metabolism. 
Clearly, the latter would include synthetic processes which might obscure 
or alter the manner of glucan metabolism. Autolysis may, in fact, repre­
sent a remnant of a cell wall localized synthetase complex involving glucan 
hydrolase activity (i.e., autolysis) followed by insertion of newly syn­
thesized polysaccharides. Studies on bacterial autolysis have shown that 
the autolysins are associated with, and may participate in, the insertion 
of newly synthesized wall material (23). Finally, autolytic capacity may 
be significant in light of the observations that cell wall glucan is char­
acterized by a decrease in molecular weight during tissue maturation (1). 
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SECTION II. 
3-D-GLUCAN HYDROLASE ACTIVITY IN 
ZEA COLEOPTILE CELL WALLS 
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ABSTRACT 
Enzymes dissociated from corn (zea mays, hybrid B73 X Mol7) seedling 
cell walls by solutions of high ionic strength possess the capacity to de­
grade Avena caryopsis glucan. Inhibitor studies disclosed that both endo 
and exoenzyme activities were involved and that the reaction sequence par­
alleled the autolytic solubilization of e-D-glucan in isolated cell walls. 
The salt-dissociated exoenzyme activity was strongly inhibited by 
mercuric chloride and to a lesser extent by parachloromercuribenzoate at a 
concentration of 100 yM. In the absence of these inhibitors, Avena cary­
opsis glucan was converted to monosaccharide, while in the presence of the 
mercurials, only endoenzyme activity was apparent and the glucan substrate 
was hydrolyzed yielding products with an average molecular size of 1.5 to 
3.0 X lO** daltons. Endo-enzyme hydrolysis of the caryopsis glucan could 
not be attributed to the participation of an enzyme specific for mixed-
linkage substrates. 
The autolytic capacity of isolated cell walls was similarly affected 
by inhibitors. In the presence of 100 yM HgClg, cell walls released from 
60 to 80 yg-mg"^ dry weight as polymeric glucan during a 24 hour period. 
Monosaccharide accounted for less than 2% of the autolytically solubilized 
products. Analysis of the polymeric glucan product revealed a similarity 
in molecular size to the products obtained following treatment of Avena 
caryopsis glucan with salt-dissociated wall protein. The results suggest 
that among the salt-dissociated proteins are those responsible for the 
autolytic capacity of isolated cell walls. Implications regarding wall 
glucan structure are discussed. 
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INTRODUCTION 
Autolysis in isolated plant cell walls was first investigated by Lee 
et al. (17) and Kivilaan et al. (16) using highly purified walls from zea 
coleoptiles. Several additional reports of autolytic activity in oat 
coleoptile (15) and bean hypocotyl walls (9) have been made, yet detailed 
information on autolysis in wall fractions derived from auxin-sensitive 
tissues is rather limited. In a recent investigation using zea coleoptile 
cell walls (12) we determined that the autolytically solubilized polysac­
charide was derived from the hemicellulosic glucan and further demonstrated 
that the proteins participating in autolysis were strongly associated with 
the cell wall. While the nature of these proteins remains unknown, at 
least on a superficial basis the glucanases appear to play a crucial role. 
Glucanases from a variety of plant sources have been reported and frequent­
ly suggested to have an important function in wall solubilization or exten­
sion (1, 2, 9, 10, 14, 15, 17, 22, 25, 26, 35). However, in many cases, 
these enzymes were inadequately characterized, and studies of wall-associ­
ated glucanases have not included attempts at solubilizing the proteins to 
allow a more direct assessment of their reaction specificities. Moreover, 
assays for glucanolytic activity have frequently relied upon the use of 
substrates foreign to the wall, thereby introducing additional uncertain­
ties regarding the in vivo role for these proteins. The hypothesis that 
glucanases are in some manner involved in extension growth cannot be 
critically evaluated until more is learned of the specificity and natural 
substrates of wall glucanases. This report describes some characteristics 
of the proteins responsible for the autolysis of zea coleoptile cell walls. 
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MATERIALS AND METHODS 
Plant Material 
Imbibed corn (zea mays, hybrid B37 X MQ17) caryopses were sown on 
vermiculite and maintained under the conditions previously described (12). 
After 72 hr seedlings with coleoptile tip and first leaf removed, or 
seedling parts which included only tissue above the coleoptilear node, 
were excised and stored at -20°C. 
Cell Wall Preparation 
Cell walls were prepared using the method previously described (12). 
Extraction and Preparation of Wall Protein 
Freshly prepared seedling cell walls (300-500 mg dry weight) were sus­
pended in 50 ml of ice-cold 3 M lithium chloride and maintained for 4 hr 
at 4°C. The suspension was filtered through premoistened Mira-cloth 
(Calbiochem) and the walls washed with an additional 50 ml of the salt 
solution. The extract was concentrated (Amicon, PM-10) to a volume of 15 
ml and then dialyzed against 0.1 strength Mcllvaine buffer (23), pH 5.5, 
or used directly. Protein yields varied, but typically ranged from 6 to 
13 pg-mg-i cell wall dry weight, representing 8 to 17% of the total wall 
protein content. 
Autolysis Experiments 
Freshly prepared coleoptile walls were suspended in 0.1 strength 
Mcllvaine buffer, pH 5.5, containing 0.02% sodium azide. Specific reac­
tion conditions are given in the legends. The pH employed in the autolysis 
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assays was to insure maximum effectiveness and specificity of the sulfhy-
dryl reagents (24). 
In time course studies, subsamples were withdrawn at intervals and 
filtered through Glass Fibre filters (Whatman GF/C). The filtrate was 
assayed for total sugars using the phenol-sulfuric assay (11), and the 
residual wall material returned to the reaction mixture. The autolysis 
reactions were terminated by boiling, and wall weights determined by dif­
ference after collecting and drying the wall on Glass Fibre filter discs 
(Whatman GF/C). 
Enzyme Assays 
In routine assays,1 ml of Avena caryopsis glucan (3 mg*ml-^) in the 
Mcllvaine buffer and 0.1 ml (10-15 yg wall protein) of the concentrated 
wall protein extract were incubated at 30°C for the times indicated in the 
figures. The reactions were terminated by boiling and the products exam­
ined using gel-exclusion chromatography as described below. 
D Ar*aT\/e4e a tnA a Kt a n Ha 4»ôv»m*t 4* t 
• • jf ^ I ^ Ml «S* t'*v * WS* V« * W » M» • * *<•* ^ • Wt*» 
Wall endoenzyme activity was examined by monitoring the elution of 
the reaction products on a bed (1.2 X 69 cm) of Utrogel AcA 34 (Exclusion 
limit ca. 3.5 X 10^ daltons). The column was developed with Na-phosphate 
buffer (10 mM, pH 7,0) containing 100 mM NaCl, and 2 ml fractions were col­
lected at a rate of 9 ml-cm'^.hr"^. Half-ml aliquots were analyzed for 
total sugars. The presence of oligomeric products was determined using 
a water-jacketed Bio-Gel P-2 column (-400 mesh, 1 X 60 cm) operated at 
50°C and eluted with the Na-phosphate buffer. One ml fractions were col­
lected at a rate of 12.6 ml.cm-Z'hr'i. 
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A B. subtiiis e-D-glucanase was employed to determine the quantity of 
e-D-glucan in the autolysis products (12, 13). 
Molecular weights of the polymeric products were estimated by gel-
exclusion chromatography (3) using a bed (1.2 X 69 cm) of Utrogel AcA 34. 
The column was calibrated with a series of dextran standards (Sigma) with 
average molecular weights of 1.7 X 10^, 7.3 X lO*» and 1.0 X 10*^ daltons. 
Partition coefficients (K^^) of polymeric products were determined from 
the relationship = (VQ-VQ)(V^-VQ)"1, and molecular weights estimated 
using the relationship, vs. log MW, calculated from the dextran stan­
dards. 
Hydrazinolysis and Protease Treatment 
Hydrazinolysis was performed by the method of Yosizawa et al. (37) 
as modified by Forrest and Wainwright (8). Avena caryopsis glucan (2 mg) 
or 5 mg zea colsoptils wall in 1 ml of distilled water were evaporated to 
dryness in Pierce Reacti-Vials. One-half ml of hydrazine hydrate con­
taining 1.5% hydrazine sulfate (w/v) was added, the vials sealed and 
heated at 100-105°C for 1 to 9 hr. The vials were cooled and hydrazine 
hydrate removed by repeated codistillation with toluene under reduced 
pressure, or by drying over concentrated sulfuric acid in a vacuum 
desiccator. 
Avena glucan (3 mg) in 1 ml of Na-phosphate buffer (10 mM, pH 6.5) 
containing 10 rnM cysteine was incubated with 40 units of papain (Sigma 
Type IV) for periods of up to 50 hr at 34°C. 
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Analysis of monosaccharide products 
Bio-Gel P-2 fractions comprising monosaccharide (43-48 ml) were com­
bined and reduced in volume to 1 ml. The sugars were converted to the 
alditol acetate derivatives using a procedure previously described (18). 
Separation of the alditol acetates was accomplished by GLC on a glass 
column (1.8 m x 2 mm i.e.) containing 3% ECNSS-M on Gas-chrome Q at 205°C. 
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RESULTS 
Autolysis of zea Coleoptile Cell Walls in 
the Presence of Sulfhydryl Reagents 
Autolysis in corn coleoptile cell walls and the effect of 100 uM 
mercuric chloride or parachloromercuribenzoate on this reaction are illus­
trated in Figure 1. After 24hr, walls incubated in buffer had solubilized 
a quantity of products representing 105 yg*mg"^ dry weight. Bio-Gel P-2 
chromatography disclosed that the autolytically liberated wall material 
consisted of polysaccharide and monosaccharide products, the latter ac­
counting for greater than 75% of the product profile (Figure 2). After 
extended incubations at 30°C (>40 hr), 95%of the autolytically liberated 
sugars were recovered as monosaccharide. GLC disclosed that this con­
sisted of glucose (88-90%), galactose (10%) and trace quantities of the 
pentoses, xylose andarabinose. Walls incubated in the presence of 100 
mercuric chloride exhibited a reduced autolytic capacity, and after 24 hr, 
yields represented 75 yg.mg"^ dry weight. Yields from walls permitted to 
autolyze in the presence of mercury ranged from 60 to 80 ug«mg~i while the 
controls autolyzed with a variability of less than 10%. 
A qualitative effect of mercury was evident upon examining the auto­
lysis products on Bio-Gel P-2 as shown in Figure 3. It is evident that 
walls in the presence of mercury did not release appreciable quantities of 
monosaccharide which in this case (Figure 3) accounted for less than 2% 
of the reaction products. Glucose and the pentoses xylose and arabinose 
were the only monosaccharides liberated from walls provided with mercury. 
No galactose was released under these reaction conditions. The absence 
Figure 1. Autiolytic activity in isolated cell walls incubated in buffer and the effects of sulfhydryl 
reagents on this reaction 
Fifty mg {dry weight) of wall in 0.1 strength Mcllvaine buffer (23), pH 5.5, were incu-
batisd for a period of 24 hr at 30°C. Products liberated were measured using the procedure 
described in the "Materials and Methods" section. Wall reacted in buffer (•); wall incu­
bated in buffer containing 100 yM HgCl2(4); 100 yM Paramercuribenzoate (i); boiled wall 
(o). 
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Figure 2. Bio-Gel. P-2 profile of ttiie autolysis products liberated from wall incubated in buffer 
Fifty mg of wall were incubated in 0.1 strength Mcllvaine buffer, pH 5.5, for a period 
of 24 hr at SO^C (see Figure 1). A portion of the soluble products (less than 1 mg) was 
reduced to a volume of 1 ml and applied to a water-jacketed Bio-Gel P-2 column (-400 
mesh» 1 X 60 cm) operated at 50°C. One ml fractions were collected at a rate of 12.6 
ml"cm-^'hr"^ and half-ml samples analyzed for total carbohydrate using the phenol-sul-
furic method. The letters, v, s, r, c and g index the elution positions of the void 
volume, stachyose, raffinose, cellobiose, and glucose used for column calibration. 
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Figure 3. Bioi-Gel P-2 profile of the autolysis products liberated from wall incubated in buffer con­
taining mercuric chloride 
Fifty mg of wall were incubated in McIIvaine buffer containing 100 yM HgCl2 for 24 hr 
at 30°C (see Figure 1). The column was operated as described in Figure 2. 
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of appreciable quantities of monosaccharide was noted when employing the 
inhibitor at concentrations as low as 25 nM, although the effectiveness 
varied to some degree depending on the concentration of wall material em­
ployed. Essentially complete inhibition of exoenzyme activity was insured 
with 100 yM HgCl2 and wall concentrations of 5 mg ml"i. Mercury was 
without apparent effect on endo activity; yields were not enhanced upon 
lowering the inhibitor concentration to 25 yM. Wall autolytic capacity 
improved at concentrations below this, apparently due to participation of 
exoenzyme activity since monosaccharide appeared in the autolysate. 
Dithiothreitol or cysteine at a concentration of 10 yM counteracted 
the effect of mercury, and in some instances stimulated the autolytic dis­
solution of wall sugars (data not presented). This stimulation by thiols 
was also observed with walls incubated in the absence of mercury, suggest­
ing that some degree of exoenzyme inactiviation occurs during routine prep­
aration and handling of autolytically active walls. 
Paramercuribenzoate also was effective at inhibiting autolytic 
activity (Figure 1). When provided at equal concentrations, however, it 
was not as effective as mercuric chloride in inhibiting exoenzyme activity 
(P-2 profile not shown). Therefore, the latter was employed in the major­
ity of inhibitor experiments. 
Autolysis in the Presence of Mercuric Chloride; 
Wall-localized Endo Activity 
The virtually complete inhibition of wall exoenzyme activity by mer­
cury facilitated a more detailed examination of wall^localized endo activ­
ity. zea coleoptile cell walls were incubated in buffer containing the 
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inhibitor, mercuric chloride, and the products generated during autolysis 
were subjected to gel-exclusion chromatography. Chromatography on Bio-
Gel P-100 proved to be inappropriate since a significant portion of the 
products released from walls during short incubation periods (<5 hr) was 
excluded from the gel. Further studies disclosed that Utrogel AcA 34 
(exclusion limit ca. 3.5 X 10^ daltons) was particularly suitable for our 
purposes. Utrogel chromatography of the products released from walls fol­
lowing various incubation periods showed an apparent endoenzyme-mediated 
change in the polymeric reaction products (Figure 4). A marked polydis-
persity characterized the polymeric glucan released from walls during a 
3 hr incubation period (Profile A), and evidence of additional endoenzyme 
modification of these polymers was apparent after 9 hr (Profile B). Fol­
lowing 20- and 40-hr reactions, the polymeric autolysis products exhibited 
little of the size heterogeneity evident in the short-term reaction prod­
ucts, and migrated as a relatively symmetrical population, clearly re­
moved from the inclusion limit of the gel (Profiles C and D). The latter 
two profiles shew a minimal change in product molecular size; rather a 
tendency toward a higher degree of product uniformity is shown. This sug­
gests that the polymer size had reached a limiting value. Autolysis reac­
tions for periods of up to 60 hr confirmed that the cell wall endoenzyme 
only slowly affected further molecular weight modifications in the poly­
meric glucan products. These endoenzyme-resistant products eluted from 
Utrogel AcA 34 in the range corresponding to an average molecular size of 
1.0 X 10*^ daltons. The absence of mono- and oligosaccharide (DP<10) autol­
ysis products was confirmed using Bio-Gel P-2 chromatography. G-D-glucan 
content was determined by subjecting the polymeric autolysis products to 
Figure 4. Utrogel AcA 34 profiles of the autolytically-liberated products from walls incubated in 
the presence of 100 vM mercuric chloride 
Coleoptile cell walls (ca. 80 mg dry weight) in 20 ml of 0.1 strength Mcllvaine buffer, 
pH 5.5, containing 100 yM HgClz were incubated at 30 C. The reactions were terminated 
by boiling and soluble products collected by filtering the wall through glass fibre 
filter discs. Subsamples (2-3 mg) of the soluble products were reduced to a volume of 
1 roll and applied to a bed (1 X 69 cm) of Utrogel AcA 34. The column was developed with 
Na-phosphate buffer (10 mM, pH 7.0) containing 100 mM NaCl and sodium azide (0.02%), 
and 2 ml fractions collected at a rate of 9 ml*cm~^ hr'i. Fractions were analyzed for 
total sugars with the phenol-sulfuric method. Walls incubated in the presence of 100 wM 
HgCll2 for 3 hr (A), 9 hr (B), 20 hr (C), 48 hr (D). The arrows in Utrogel profile D in­
dex the elution volume of, left to right, Dextran 2000, dextrans of molecular weights 
1.7 X 105, 7.0 X IDS 1.0 X 10\ and glucose. 
Insets One-ml aliquots from each fraction in the Utrogel profiles were combined and 
concentrated to a volume of 1 ml. These concentrated Utrogel components (ca. 1-1.5 mg) 
were subjected to enzymolysis with 3-5 vg of a highly purified bacterial 3-D-glucanase 
for a period of 5 hr at 35°C. The reaction mixture was boiled and applied to a Bio-Gel 
P-2 column operated as described in Figure 2. The symbols index the elution volume of 
Dextran 2000, raffinose, stachyose; cellobiose and glucose. 
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enzymolysis with a highly purified b. subtiiis e-D-glucanase, followed by 
Bio-Gel P-2 chromatography of the oligosaccharide products (Figure 4, 
insets). 
High Ionic-strength Dissociation of Glucanase 
Activity from zea Cell Walls 
The reduction in autolytic capacity following pretreatnent of iso­
lated Zea coleoptile cell wall with solutions of high ionic strength (12) 
prompted an effort to determine if these conditions were instrumental in 
dissociating wall-bound glucanolytic activity. This was initially examined 
by employing autolytically inactive (boiled) walls as substrate. These 
experiments (data not presented) disclosed that high ionic-strength ex­
tracts prepared from active cell walls contained proteins capable of 
dissociating quantities of wall glucan. 
Viscometric studies employing Avena caryopsis glucan as substrate 
provided more definitive evidence for glucanolytic activity in the wall-
protein preparations. The presence of mercury insured complete inhibition 
of the exoenzyme(s), however, did not obviate the enzyme mediated viscosity 
changes (data not presented). 
To evaluate similarities between the autolytic dissolution of wall 
glucan (see Figure 4) and the enzymatic hydrolysis of Avena glucan, the 
latter also was measured using Utrogel AcA 34 chromatography. Preliminary 
analyses revealed that native Ayena glucan was excluded from Sepharose 
4B-200 (exclusion limit ca. 20 X 10®), consequently Utrogel chromatography 
was rather ineffective in disclosing products resulting from short-term 
reactions (<5 hr) in the presence of mercury. Chromatography of the 
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reaction mixture components following 10, 20 and 48 hr clearly illustrated 
the endoglucanolytic activity of the salt-dissociated wall protein toward 
the Avena glucan substrate (Figure 5). Following prolonged incubation (up 
to 60 hr) with the wall protein, the glucan enzymolysis products resembled 
those represented in Profile D, demonstrating that they were rather resis­
tant to further modification. This distinctive hydrolysis pattern had 
also characterized the wall-bound activity (i.e., autolysis) measured in 
the presence of mercury (see Figure 4). Gel chromatography of the poly­
meric products from Avena glucan provided an average molecular weight of 
1.5 to 3.0 X lO'^ daltons. 
In the absence of the sulfhydryl reagent, the participation of exo-
enzyme was apparent from monosaccharide produced (Figure 6). 
Hydrazinolysis and Protease Treatment 
In a recent examination of barley endosperm cell walls, Forrest and 
Wainwright (8) obtained evidence that peptidic material was an important 
structural feature of high molecular-weight g-D-glucans. Hydrazinolysis, 
and proteolytic enzymes (including papain) were effective in altering the 
molecular size of the glucan leading the authors to postulate that the 
in vivo metabolism of endosperm glucan involves, as an initial step, pro­
teolysis. In light of these findings, we subjected Avena caryopsis glucan 
to hydrazinolysis and proteolysis. Hydrazinolysis resulted in some al­
teration of molecular size, but the extent of modification varied con­
siderably and a high degree of product heterogeneity was noted suggesting 
that a random cleavage of glycosidiç bonds had occurred, zea Goleopt-ile 
cell walls subjected to hydrazinolysis liberated material amounting to 
Figure 5. Utrogel AcA 34 profiles of Avena caryopsis glucan following treatment with the salt-dis­
sociated wall protein in the presence of 100 wM mercuric chloride 
Aveiia caryopsis glucan (2!-3 mg) and 0.1 ml of the concentrated wall protein preparation 
(10-15 yg protein) in a total reaction volume of 1 ml (Mcllvaine buffer, pH 5.5, 100 yM 
HgCl2) were reacted for various periods at 30°C. The reaction mixtures were boiled and 
applied to an Utrogel column operated as described in Figure 4. Avena glucan reacted 
24 hr with boiled protein (A), Avem glucan reacted with active protein for periods 
of 10 (B)j 24 (C), and 40 (D) hr. Arrows are as described in Figure 4. 
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Figure 6. Utrogel AcA 34 profile of hvena caryopsis glucan following a 20 hour treatment with the 
salt-dissociated wall protein in the absence of mercury. 
Reaction conditions were as described in Figure 5 with the exception that mercuric chlo­
ride was not provided. One-ml aliquots from each of the fractions to the right of the 
arrow (elution volume 76-100 ml) were combined, concentrated to a volume of 1 ml and 
applied to a Bio-Gel P-2 column (inset) operated as described in Figure 2. 
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25% of the wall weight yet did not release detectable quantities of 
B-D-glucan. 
Proteolysis with papain for periods of up to 50 hr had no effect on 
the Utrogel chromatographic behavior of Avena glucan. Moreover, we wit­
nessed no detectable proteolytic activity in the salt-dissociated wall 
protein. 
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DISCUSSION 
Results presented in this report show that proteins participating in 
the autolytic activity of zea coleoptile cell walls can be dissociated from 
the wall, in part, with the aid of high ionic strength. Autolysis is char­
acterized as a solubilization of polymeric and monomeric products involv­
ing enzymatic hydrolysis of hemicellulosic g-D-glucan (12). With Avena 
caryopsis glucan as substrate, an identical enzymolytic pattern character­
ized the extracted wall protein. Inhibitor studies provided additional 
confirmation that autolytic, and Avena glucan hydro!ytic,activities in­
volved identical enzymes. 
Ionic strength in excess of 3 M, the concentration employed here to 
dissociate wall-bound glucanolytic activity, resulted in a substantial 
reduction in wall autolytic potential (12). Concentrations exceeding 3M, 
however, do not significantly increase activity yields nor further reduce 
cell wall protein levels (Huber, unpublished). Inasmuch as walls treated 
with 3 M lithium chloride retain a high autolytic capacity it would appear 
that excessive ionic strength results in some denaturation of wall-bound 
enzymes. 
Inhibitor studies provided clear evidence that the autolytic solubili­
zation of wall g-D-glucan involved both endo and exoglucanolytic enzymes. 
A similar dual-enzyme mechanism was proposed, but not directly demonstrated 
to be responsible for the release of soluble sugars from isolated Avena 
coleoptile walls (15). Heyn (10) found that wall preparations from Avena 
coleoptiles were active toward a number of glucan substrates, yet no evi­
dence for endo activity was provided. Our studies provided undisputable 
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proof for the presence of endoglucanolytic activity in zea, coleoptile cell 
walls. Employing gluconolactone as an inhibitor of g-l,3-exoglucanase, 
Goldberg (9) detected endolaminarinase activity in cell walls derived from 
phaseoius hypocotyls, but it remains uncertain whether these glucanases 
are active toward a structural wall component. 
The participation of a sulfhydryl protein in autolytic activity was 
indicated by the inhibitor studies, yet owing to the anticipated enzyme 
multiplicity of our wall protein preparations it is not possible at this 
time to identify the enzyme(s) involved. Mercurial sensitivity has been 
noted for a number of carbohydrases of the exo type (14, 28, 34, 36), and 
the lack of complete inhibition observed in some instances might be ex­
plained on the basis of the inhibitor employed (i.e. HgClg vs. pCMB). We 
found the mercury ion to be the more effective inhibitor which suggests 
that the affected protein residue(s) resides in a 'limited-access' micro-
environment. Mercury was without apparent effect on endoglucanolytic 
activity and a lack of sensitivity to sulfhydryl-specific reagents has 
been noted for cthuP ciicicgluCunuScS (19, 20, 2S). V»s hsvs sxum^rîcd sridc= 
glucanases from Bacillus, Rhizopus, and phaseoius cell wall preparations 
and none display sensitivity, in terms of altered activity or specificity, 
toward 100 yM Mercury (Huber, unpublished). 
Autolysis reactions in the presence of mercury have disclosed a pre­
viously unknown structural feature of the coleoptile cell wall glucan. 
The autolytic solubilization of polymeric glucan, resistant to further en­
zymatic modification, suggested that the hemicellulosic glucan is marked 
by linkage dislocations (infrequent interruptions in the repeating mixed-
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linkage pattern) which serve as recognition-sites for the endoenzyme. 
Upon enzymolysis with a b, subtiiis g-D-glucanase the polymeric product 
yielded distinctive tetra and trisaccharides which confirmed that sequences 
of mixed-linkage were available, but not readily affected by the wall 
enzyme. The possibility that wall endoenzyme activity was directed to­
ward a polysaccharide, covalently or otherwise associated with wall glucan, 
is unlikely. Avena caryopsis glucan treated with the solubilized wall pro­
tein yielded polymeric products which were relatively similar in molecular 
size distribution to those released during the autolysis of isolated cell 
walls. Endosperm glucans are essentially linear polysaccharides, thus the 
observed glucanolytic modification would presumably result from an inter­
nal cleavage of the glucan. 
The nature of the linkage irregularities in coleoptile cell wall 3-D-
glucan remains unknown. Smith-degradation analyses indicated the presence 
in oat and barley endosperm glucans of regions consisting of contiguous 
3,1-3 linkages (2, 6, 7, 33). Enzymolysis of a barley glucan known to 
contain thêse linkage irfcyularltiss with a partially purlflêu êriuû-1,3-3 
glucanase yielded products with an average molecular size of 10*^ daltons 
(2). The similar enzymolytic pattern which occurred during autolysis 
suggests that the linkage arrangement in coleoptile wall glucan in inter­
rupted by occasional tracts of adjacent 1-3 linked glucosyl units. These 
considerations also implicate an endo-l,3-glucanase in autolysis; conclu­
sive data await the purification and detailed analyses of the wall pro­
teins. Such studies are now in progress. 
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Autolysis in the presence of mercury was marked by lower and more var­
iable yields. A similar effect on autolytic activity (reduced yields and 
monosaccharide production) was observed in cell walls which had been pre-
treated with high ionic strength (12). These observations underscore the 
requirement for exoenzyme activity in attaining a maximum solubilization 
of wall glucan in vitro. The variability in wall autolytic potential evi­
dent in the work of Kivilaan et al. (16) can perhaps now be attributed to 
the preferential inactivation or removal of exoglucanase during wall prep­
aration. These arguments do not address the possibility that contaminants 
participated in autolysis. However, both endo and exoglucanolytic activi­
ties, as described in this report, are highly associated with purified 
wall fractions (12; Huber, unpublished). The implication here is that 
exoenzyme activity may be intimately involved in in vivo glucan metabolism. 
A rather specific response to auxin was an apparent stimulation of wall 
glucan metabolism (i.e., levels decreased) (17, 27, 29, 31), and subse­
quent studies showed that auxin-mediated growth and glucan turnover could 
bs suppressed by r.ojirimycin (25, 32), a potent inhibitor of glucosidssas 
and exoglucanases. Nojirimycin-sensitivity has also been noted in in 
vitro studies on glucan metabolism (26), advancing further support that 
glucanases assume an important role in auxin-induced wall modifications. 
The rather high concentrations of nojirimycin required to adversely affect 
the auxin-growth response would perhaps not be unexpected if exoglucanase 
activity (versus glucosidase activity, see 5), were crucial, since con­
siderably higher concentrations of the glucose analog were required to in­
hibit exoenzyme activity in vitro (30). Preliminary studies in our labor­
atory have shown that zea cell wall exoglucanolytic activity is inhibited 
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by nojirimycin at concentrations sufficient to suppress auxin-induced 
growth. The results of Digby and Firn (4) raise questions regarding the 
mechanism through which nojirimycin affects auxin-induced growth. Their 
kinetic analyses of the effect of the glucose analog on Heiianthus hypo-
cotyl growth and in vivo glucanase activity (3-glucosidase) demonstrated 
that the two may not be directly related. However, it should be noted that 
enzyme activity measured employing nitrophenyl-3-D-glucoside is not a 
reliable index of exoglucanase activity. 
A problem that has not been reconciled is the observation that no­
jirimycin had no effect on proton-induced extension, leading to the sug­
gestion that acid- and auxin-stimulated growth responses may be mechanisti­
cally different (23, 32). However, the sulfhydryl reagent pCMB, which in­
hibited zea cell wall exoglucanase activity, has been reported to inhibit 
the proton-induced extension of frozen-thawed rye coleoptile segments (14). 
We hesitate to implicate a specific enzyme as having a governing role 
in wall extensibility and growth; however, we feel that sufficient evi­
dence is available to justify more detailed examinations of the functions 
and properties of wall enzymes, particularly the glucanases. 
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SECTION III. 
PARTIAL PURIFICATION OF ENDO- AND EXO-g-D-GLUCANASE 
ENZYMES FROM zea AND THEIR INVOLVEMENT 
IN CELL WALL AUTOHYDROLYSIS 
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ABSTRACT 
An evaluation of the proteins dissociated from isolated zea seedling 
cell wall using high ionic strength has revealed a number of enzymes which 
appear to participate in cell wall autolytic reactions. These enzymes 
caused extensive degradation of enzymatically inactive cell wall, liberat­
ing as much as 100 yg*mg~^ on a dry weight basis over a 48 hour period. 
Comparative studies showed that 3 M lithium chloride was most effective in 
yielding protein and wall-degrading activities. 
Molecular sieve chromatography of the cell wall protein using Bio-Gel 
P-100 resolved endo- and exo-6-D-glucanase activities when Avena glucan 
and laminarin, respectively, were employed as model substrates. The exo-
laminarinase (molecular weight around 60,000 daltons) was strongly in­
hibited by inorganic mercury at a concentration which suppressed the re­
lease of monosaccharide from autolytically active cell wall. The endo-
glucanase (molecular weight around 26,000 daltons) exhibited features sug­
gesting that it initiates the autolytic solubilization of wall glucan. 
Cell wall g-D-glucan, recovered as a component of an alkali soluble 
cell wall fraction, served as substrate for the purified glucanases. Their 
hydrolysis pattern, assessed using Sepharose 4B-200 gel-exclusion chroma­
tography, and product analysis confirmed that they hydrolyze 6-D-glucan. 
The products generated by the endoglucanase were similar in molecular size 
distribution to those liberated from autolytically active wall. Exoglucan-
ase activity was required for extensive hydrolysis of 6-D-glucan in vitro. 
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INTRODUCTION 
Cell wall-associated carbohydrases, and glucanases in particular, 
have long been documented in higher plants. With few exceptions, how­
ever, the physiological role of these enzymes is not well understood. 
Fruit ripening (1, 5, 26) and seed germination (2, 3, 23) represent well-
known cases where glucanases, along with other enzymes, are of considerable 
importance in facilitating wall softening and solubilization. It is becom­
ing increasingly apparent in other tissues that glucanases serve to mediate 
changes in cell wall polysaccharides; however, there is uncertainty re­
garding their involvement in the chemistry of wall loosening. Goldberg 
(9) demonstrated that glucanases participated in the hydrolysis of an un­
identified glucan in cell wall derived from phaseoius hypocotyls. Detailed 
studies of glucanases from pisum (36) verified the extracellular site of 
action of dicot glucanases; the authors maintained, however, that cell wall 
glucan metabolism probably bears little significance to a wall-loosening 
mechanism in dicots. Heyn (11) demonstrated the multiplicity of glucanase 
activities in coleoptile tissue, and that glucanases participate in the 
modification of monocot cell wall polysaccharides is apparent from studies 
of in vitro cell wall autolysis (13, 19, 21). Unlike the glucanases from 
dicots, which are predominantly cytoplasmic in origin (35), the monocot 
glucanases are found tenaciously associated with the isolated cell wall 
(13s 14), This difference probably explains why limited information is 
available on the characteristics of monocot enzymes. Huber and Nevins 
(14) recently demonstrated the usefulness of high ionic strength for solu-
bilizing glucanolytic activity from zea cell wall. In this paper, we 
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report on the purification of several salt-dissociated glucanases from 
zea cell wall. To more directly estimate the role of these enzymes in 
cell wall autohydrolysis, we have evaluated their activity using wall-
derived polysaccharides as substrate. 
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MATERIALS AND METHODS 
Plant Material 
Imbibed corn caryopses (zea mays, hybrid B73 X Mol7) were sown on 
vermiculite and maintained as previously described (13). After 72 hr, 
seedlings with first leaf and coleoptile tip removed or seedlings con­
sisting of all tissue above the coleoptiTear node were excised and stored 
at -20°C. 
Extraction and Preparation of Cell Wall Protein 
Freshly prepared seedling wall (14) was suspended in ice-cold 3 M 
lithium chloride in Na-citrate-phosphate buffer (10 mM, pH 5.5) and main­
tained overnight at 4°C. The wall suspension was filtered through pre-
moistened Miracloth (Calbiochem) and washed with a small volume of the 
salt solution. The combined extract and washing was concentrated to 
around 15 ml using an Amicon ultrafiltration device (PM-10) and subjected 
to molecular sieve chromatography as described below. 
Protein Solubilization Studies 
Freshly prepared seedling cell wall (around 1200 mg, dry weight) was 
treated sequentially with solutions (50 ml) of 50 mM, 1 M, 3 M, and 6 M 
lithium chloride, all containing sodium-phosphate buffer (10 mM, pH 6.5). 
After each extraction (3 hr, 4°C) the suspension was filtered through 
Miracloth and washed with a small volume of the salt before transfer to a 
higher ionic strength solution. All extracts were concentrated approxi­
mately fivefold (Amicon, PM-10) and dialyzed against Na-citrate-phosphate 
buffer (10 mM, pH 5.5) containing 100 mM NaCl. Protein was estimated using 
the Bio-Rad Protein Assay (6) with bovine serum albumin employed as stan­
dard. Since salt at the concentrations employed interfered with protein 
determinations the reported values represent those obtained from the 
dialyzed protein extracts. 
Buffer-soluble protein was prepared from the 10,000 g supernatant of 
the wall-free seedling homogenate. This preparation was made 80% with 
respect to (NHi^)2S0i+ and after 12 hr at 4°C was centrifuged for 20 min at 
15,000 g. Precipitated protein was suspended in and dialyzed against 
Na-citrate-phosphate buffer (10 mM, pH 5.5) containing 100 mM NaCl, and 
used for further study. Protein not precipated by the (NHij)2S0:^ displayed 
no measurable activity against the substrates tested. 
Enzyme Assays 
g-glucosidase and e-galactosidase activities were measured employing 
the p-nitrophenol-B-D-glycoside substrates. One-tenth ml of substrate 
(25 mM) and 0.1 ml of the solubilized wall protein (20 to 50 ug protein) 
in a volume of 1 ml (10 mM Na-citrate-phosphate, pH 5.5) were incubated 
for 10 min (B-glucosidase) or 30 min (B-galactosidase) at 30°C. The 
reactions were terminated by adding 2 ml of 200 mM NazCOg and free 
p-nitrophenol detected at 400 nm. Exo-S-l,3-glucanase and exo-6-1,4-
glucanase activities were measured using laminarin (Koch-Lite) and carboxy-
methyl cellulose (CMC) (Hercules 7MF) as substrates. One-half ml of sub­
strate containing 0.5 mg laminarin or 1,4 mg CMC in the Na-citrate-phos­
phate buffer and 0.1 ml of wall protein (20 to 50 yg) were reacted for 30 
min (laminarin) or 6 hr (CMC) at 30°C. Reducing equivalents were mea­
sured using the Nelson-Somogyi procedure (32). Endoglucanase activity 
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was measured viscometrically using Avena caryopsis glucan as substrate 
in a manner previously described (15). 
Bio-Gel P-100 Chromatography of Wall Protein 
Purification of the solubilized cell wall protein was accomplished 
by molecular sieve chromatography on a bed (65 x 2.5 cm) of Bio-Gel P-100. 
Approximately 3 to 5 mg of wall protein were applied and the column de­
veloped with Na-phosphate buffer (10 mM, pH 6.5) containing 200 mM NaCl. 
Three ml fractions were collected at a flow rate of 7.7 ml cm"^*hr"^. 
Protein distribution was monitored at 280 nm. Exo-&-l,3-glucanase distrib­
ution was determined using laminarin as substrate. One-half mg laminarin 
in the Na-citrate-phosphate buffer was indubated with 0.1 ml of the P-100 
fractions for 30 min at 30°C and products measured reductometrically (32). 
Endoglucanase activity was measured viscometrically using Avena caryopsis 
glucan as substrate in a manner previously described (15) 
Molecular Weight Determinations 
Molecular weights of the wsll sr.zyn^ss were determined by gel-filtra­
tion on the P-100 column which had been calibrated using bovine liver 
catalase (240,000), bovine albumin (67,000), egg albumin (45,000), o-
chymotrypsinogen-A (25,000) and cytochrome-C (12,500), all obtained from 
Sigma. 
Autolysis Experiments 
Autolytically active coleoptile wall was prepared as previously de­
scribed (13). Wall-bound exoglucanolytic activity was inhibited by in­
cubating wall in the presence of 100 uM HgCl2 (14). Polymeric glucan 
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liberated from cell wall provided with inorganic mercury was examined 
using Sepharose 4B-200 chromatography in the same manner as described be­
low for hemicellulose B. 
Hemicellulose Preparation 
The hemicellulose B to be used as substrate for the solubilized wall 
enzymes was derived from coleoptile cell wall. Coleoptile wall was treated 
under nitrogen with 4 N KOH containing 3 mg»ml"^ sodium borohydride. 
After three successive base treatments (3x8 hr) the combined extracts 
were neutralized with acetic acid and dialyzed in turn against running 
tap water (24 hr), 10% methanol (2 X 12 hr), and distilled H2O. The dia­
lyzed preparation was centrifuged and the supernatant (hemicellulose B) 
used in enzyme studies. 
Sepharose 4B-200 Chromatography of Hemicellulose B 
Two to four mg of the hemicellulose B were applied to a bed (60 X 1.3 
cm) of Sepharose 4B-200 and eluted with Na-citrate-phosphate buffer (10 
tnM. pH 6,0) containing 50 N.aCl = Two mi fractions were collected at a 
rate of 12 ml*cm"2.hr"^ and 0.2 to 0.5 ml aliquots were used to measure 
total sugar with the phenol-sulfuric acid assay (12) or hexose sugar with 
the anthrone procedure (33). The distribution of mixed linkage glucan was 
determined by drying the individual fractions with a stream of filtered 
air followed by enzymolysis of the sugars with 2 to 3 vg of a highly puri­
fied bacterial glucanase (15) in 0.5 ml Na-phosphate buffer (10 mM, pH 
6.5). The glucanase digestion products were detected with the Nelson-
Somogyi test. 
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GLC Analysis of Hemicellulose Sugars 
Samples were treated with 2 N trifluoroacetic acid (Eastman) and 
subsequently converted to the volatile alditol acetates using a previously 
described procedure (22), with the exception that hydrolysis and acetyla-
tion were carried out in sealed Reacti-Vials (Pierce). 
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RESULTS 
Solubilization of Wall-Bound Enzymes 
Previous investigations have established that wall-associated endo-
and exoglucanolytic enzymes in zea can be solubilized with high ionic 
strength (14). This technique has seen application in studies of a wall-
associated a-mannosidase from arena coleoptile (10) and bacterial cell 
wall autolytic enzymes (28). 
Products generated during wall autohydrolysis suggest that a number 
of enzymes participate in the reaction (14). Therefore, prior to purifica­
tion studies, we evaluated the relative tenacity of binding of the activi­
ties postulated to participate in autolysis (Table 1). The total protein 
liberated by salt represented 7.5 yg-mg"^ cell wall dry weight, and 52% 
(3.52 pg'mg-i) and 29% (2.17 yg-mg"^) of this quantity were solubilized by 
1 and 3 M lithium chloride, respectively. Sodium chloride at equal con­
centrations was less effective at solubilizing protein and the enzymes of 
interest. Therefore, the data obtained from using lithium chloride only 
are presented. When expressed on a per unit protein basis, all activities, 
with the exception of 3-glucosidase, exhibited higher values in the salt-
dissociated protein. This was most apparent for endoglucanase, exolaminar-
inase and exocellulase activities which showed 7-, 28-, and 8-fold in­
creases, respectively, in the 3 M relative to the buffer soluble protein. 
High frtdoglucanise activity was again observed in the protein liberated 
with 6M salt, whereas exo-activities, including g-galactosidase and 
3^gluccsiduse, were considerably reduced. This observation is consistent 
with the fact that autolytically active wall following treatment with 
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Table 1. Glucanase and glycosidase activities of buffer-soluble and 
lithium chloride solubilized protein® 
Buffer soluble Lithium chloride 
Enzyme protein solubilized activity 
50 mM 1 M 3 M 6 M 
e-gl ucosidase^' 1. ,00 0.21 0. 47 0.70 0.05 
e-galactosidase^ 1. 00 0.77 1. 30 1.30 0.16 
Exolaminarinase^ 1. 00 18.80 13. 10 27.80 2.89 
Exocellulase^ 1. ,00 17.00 ,8. 10 8.30 1.00 
Endo-6-D-glucanase^ 1. ,00 2.33 4. 33 7.00 6.00 
Wall-degrading activity® 1. o
 
o
 
3.67 3. 60 4.20 2.13 
f Salt solubilized protein 0.49 3. ,92 2.17 0.92 
^Arbitrary scale based on activity of 1.00 for buffer-soluble protein. 
'^ymoles nitrophenol/mg protein/min. 
Smoles reducing equivalents/mg protein/min. 
^Percent relative viscosity decrease/yg protein/hr, 
%g total sugar released/yg protein/hr. 
^yg per mg cell wall dry weight (Bio-rad). 
high ionic strength (>3 M) showed a reduced capacity to liberate mono­
saccharides (13). 
The capacity of enzymes to degrade enzymatically inactive wall was 
also more pronounced in the wall-associated protein (Table 1). Inactive 
wall treated with appropriate quantities of wall protein (Figure 1) 
liberated sugars at rates comparable to those exhibited by freshly pre­
pared active wall (14). 
Figure 1. Wall-degrading activity of proteins derived from zea seedling cell wall using 3 M lithium 
chloride 
Cell wall (around 50 mg dry weight) which had been boiled to inactivate wall-bound en­
zymes and one mg of the wall protein in 10 ml of Na-citrate-phosphate buffer (10 mM, 
pH 5.5) containing 0.02% Jiodium azide were incubated for 24 hr at 30°C. At the times 
indicated, samples were rmoved and analyzed for total soluble sugars using the phenol-
sulfuric acid assay. Wall reacted with active wall protein (o o); boiled wall 
protein (• #). Products are expressed as yg glucose equivalents per mg cell wall dry 
weight. 
Ë 40 
Time (hr) 
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Purification of the Salt-solubilized Cell Wall Enzymes 
Inasmuch as the recovery of protein and selected activities (Table 1) 
was not significantly increased using salt exceeding 3 M, this concentra­
tion was employed to obtain protein for purification studies. 
A representative Bio-Gel P-100 profile of the cell wall protein is 
presented in Figure 2. Assays employing laminarin and Avena caryopsis 
glucan disclosed activities rather specific for each substrate. Wall pro­
tein derived from coleoptile tissue examined on Bio-Gel P-100 gave a simi­
lar distribution and displayed identical activities as protein prepared 
from seedling cell wall; consequently the latter was routinely used as a 
convenient source of protein for purification work. The endo and exo 
action patterns of the Avena glucan and laminarin hydrolase activities 
were confirmed by gel filtration of the reaction products (profiles not 
shown). Glucose was the sole reaction product resulting from laminarinase 
activity, whereas, neither mono- nor oligosaccharide products were observed 
during the course of Avena glucan hydrolysis. Gel-filtration estimates 
provided molecular weight values of 60,000 and 26,000 daltcns for the sxo-
laminarinase and endo Avena $-D-glucanase, respectively. These activities 
were further distinguished on the basis of their sensitivity to inorganic 
mercury. The hydrolysis of mixed-linkage substrates by wall-bound and 
solubilized wall endoglucanase is apparently unaffected by Hg^*, whereas 
exohydrolysis is inhibited greater than 95% (14). The exolaminarinase re­
solved on P-100 was strongly inhibited by inorganic mercury (Figure 2). 
The purified endoglucanase displayed no apparent activity toward 
carboxymethylcellulose when measured viscometrically. Activity toward 
Figure 2. Bio-Gel P-100 profile of protein derived from zea seedling cell wall 
Approximately 4 mg of the cell wall protein were applied to a bed (65 X 2.5 cm) of Bio-
Gel P-100 and eluted with Na-phosphate buffer (10 mM, pH 6.5) containing 200 mM NaCl. 
Three ml fractions were collected at a flow rate of 3.7 ml'cm"2'hr-i. Protein distrib­
ution ( ); Endo Avena glucanase activity ( ); Exolaminarinase activity (-•-•-*-); 
Exolaminarlnase assayed im the presence of 100 YM HgCl2 (A). Ve, exclusion limit; V,, 
inclusion limit. 
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laminarin proceeded with the production of oligosaccharide products (Bio-
Gel P-2 profile not shown), but the substituted 6-1,3-glucan, carboxymethyl-
pachyman, was not degraded by the endoen^yme. Our CMP preparations were 
readily hydrolyzed in an endo fashion by glucanases prepared from Phaseoius 
hypocotyl tissue (unpublished). 
Bio-Gel chromatography often disclosed an additional endoglucanase 
(in fractions 200-230 ml) whose recovery (i.e. activity) was character­
ized by some degree of variability. The variable activity of this protein 
is perhaps explained on the basis of its anticipated low molecular weight. 
Our use of a PM-10 membrane (molecular exclusion limit, around 10,000 dal-
tons) during ultrafiltration could have resulted in some loss of low mole­
cular size (< 10,000 daltons) protein. 
e-glucosidase and B-galactosidase activities were associated with the 
excluded, large molecular weight protein, whereas exocellulase, as mea­
sured using CMC, was not resolved as a single molecular weight protein and 
instead was rather uniformly distributed throughout the P-100 profile (not 
shown). No attempt was made to further purify these proteins. 
Gel Chromatography and Sugar Analysis of Hemicellulose B 
The hemicellulose studies were undertaken to derive polysaccharides 
which could be acted on by the purified cell wall enzymes. Previous 
studies had demonstrated the role of hemicellulosic 6-D-glucan as sub­
strate in monocot cell wall autolysis (13). Therefore» special attention 
was focused on this wall component. 
A SêpharûSê 48-200 profile of hemicellulose B derived from zea coleop-
tile cell wall is illustrated in Figure 3 and is representative of those 
Figure 3. Sepliarose 4B-200 profile of zea coleoptile cell wall hemicellulose B 
Approximately 2 mg hemicellulose B in one ml of distilled water were added to a bed (60 X 
1.3 cm) of Sepharose 4B-200 and eluted with Na-citrate-phosphate buffer (10 mM, pH 5.5) 
containing 100 mM NaCl. Two ml fractions were collected at a rate of 12 ml'cm"^«hr~^ and 
from these 0.5 ml aliquots were removed and assayed for total sugar using the phenol-sul-
furjc assay (e #) and for hexose sugar (# •) using the anthrone assay. Vertical 
markers index exclusion and inclusion limits. 
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obtained from at least five preparations. Forrest and Wainwright (8) 
found that the molecular size and other characteristics of alkali soluble 
polysaccharides from endosperm tissue were dependent on the hydration state 
of the starting wall material; however, in our experience, hemicellulose 
from organic solvent dried wall appeared identical on Sepharose to that 
prepared from wall maintained in a hydrated state. Some molecular weight 
variation was noted, however, in hemicellulose derived from wall which had 
not been heat inactivated immediately upon isolation (Figure 4). Changes 
are evident in both the total and hexose sugar distributions. However, 
the latter was the more sensitive indicator of molecular weight differ­
ences. The observed variation probably reflects the activity of wall-
bound enzymes (14) and serves to emphasize the importance, especially in 
hemicellulose studies, of rapidly inactivating freshly isolated cell wall. 
The excluded polysaccharide (30-48 ml) recovered after Sepharose 
chromatography accounted for 44 to 50 mole percent of the fractionated 
hemicellulose B, and as shown in Table 2, glucose accounts for nearly 50 
mole percent of this material. The retained polysaccharides by comparison 
are relatively rich in xylose and arabinose which comprised 43.7 and 33.2 
mole percent, respectively, of the lower molecular size material. 
The g-D-glucan component of hemicellulose B eluted from Sepharose 
as a high molecular weight polysaccharide (Figure 5). Enzymolysis of the 
excluded polysaccharide (40-58 ml) with a bacterial glucanase (15) demon­
strated that 90% of the polymeric glucose could be accounted for in terms 
of mixed-linkage 0-D-glucan. The content of mixed-linkage glucan in our 
hemicellui ose preparations represented as much as 85% of the initial cell 
wall levels (115-120 yg/mg). 
Figure 4. Sepharose 4B-200 profile of zea coleoptile hetnicellulose B derived from wall which had 
been stored for 12 hr at 4°C prior to base treatment 
Sepharose 4B-200 chromatography and sugar detection were as described in Figure 3. Total 
sugar (o o); hexose sugar (o o). 
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Figure 5. Molecular size distribution of mixed-linkage 6-D-glucan in hemicellulose B 
Approximately 8 mg hemicellulose B in 2 ml of distilled water were applied to the 
Sepharose column operated as described in Figure 3. One-tenth ml aliquots of the frac­
tions were analyzed for total sugar using the phenol-sulfuric acid assay. For analysis 
of p-D-glucan distribution the individual fractions were concentrated to dryness followed 
by treatment with 2 to 3 wg of a bacterial glucanase in 0.5 ml Na-phosghate buffer (10 mM» 
pH 6.5) containing 0.02% sodium azide. After a 12 hr incubation at 30 C, the samples were 
examined using the Nelson-Somogyi redluc tome trie assay. Total sugar (# $); hatched pro­
file, B-D-glucan distribution. 
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Table 2. Sugar composition of coleoptile cell wall hemicellulose B and 
Sepharose 4B-200 fractionated hemicellulose B. Two mg of the 
soluble hemicellulose were subjected to compositional analysis 
using the procedure described in Materials and Methods. For 
analysis of the Sepharose 4B-200 separated polysaccharides (e.g., 
Figure 3), fractions composing the void volume (30-48 ml) and 
all remaining fractions (49-100 ml) were separately combined and 
the sugars subjected to compositional analysis using 6LC. Values 
given represent composition on a mole percent basis. Rhamnose, 
fucose and mannose together accounted for less than 1,5% of the 
total sugars, thus the values for these are not shown. 
Sugar Unfractionated 
hemicellulose B 
Sepharose 4B-200 fractionated 
hemicellulose B 
Elution volume (ml) 
30-48 49-100 
Arabinose 22.1 18.1 33.2 
Xylose 33.4 26.8 43.7 
Galactose 6.3 5.0 5.5 
Glucose 38.1 50.2 17.6 
Activity of the Purified Wall Enzymes toward Hemicellulose B 
Preliminary studies disclosed that the g-D-glucan, which accounted for 
nearly 86% of the hemicellulose B hexose sugars, was the major component 
affected by the purified wall enzymes. The anthrone assay afforded a con­
venient means of monitoring the hemicellulase reactions. 
Hemicellulose B examined on Sepharose 4B-200 after treatment with the 
purified endoglucanase exhibited, compared to native hemicellulose (Figure 
3), a markedly reduced molecular size of the hexose polymers (Figure 6). 
For comparison, a Sepharose profile of the polymeric glucan released from 
autolytically active wall is shown (Figure 7). Both reactions involved a 
Figure 6. Sepharose 4B-200 distribution of hemicellulose B following treatment with purified 
endoglucanase 
Two mg of hemicellulose B in one ml of Na-citrate-phosphate buffer (10 mM, pH 5.5) and 10 
to 20 pg of protein recovered from the Bio-Gel P-100 endoglucanase fractions (150-175 ml) 
were incubated for 48 hr at 30°C. Mercuric chloride (100 yM) was provided to ensure no 
interference from any exoactivity. The reaction was terminated by boiling and the mix­
ture applied to the Sepharose column operated as described in Figure 3. Total sugar 
(# #); hexose sugars (• •). 
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Figure 7. Sepharose 4B-200 profile of the polymeric glucan products liberated from coleoptile 
wall incubated in buffer containing 100 yM mercuric chloride 
Freshly prepared coleoptile cell wall (about 50 mg dry weight) was placed in Na-citrate-
photphate buffer (10 mM, pH 5.5) containing 100 yM HgCl2 for a period of 48 hr at 30°C. 
A portion of the soluble products (around 2.5 mg) concentrated to a volume of one ml was 
applied to the Sepharose column. Total sugar in the fractions was determined using the 
phenol-sulfuric acid assay. 
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production of relatively large molecular weight products; this similarity 
confirmed that the endoenzyme is involved in the autolytic activity of 
isolated cell wall. The endoglucanase preparation exhibited some capacity 
to produce monosaccharides apparently due to the presence of some exo-
activity; thus the hemicellulase assays were best carried out in the pres­
ence of inorganic mercury. Bio-Gel P-2 analysis (profiles not shown) con­
firmed that neither monosaccharide nor oligosaccharide products were 
generated during hemicellulase reactions carried out in the presence of 
Hg2+. 
Hemicellulose treated with endo- and exoglucanase enzymes yielded the 
distribution shown in Figure 8. The profile is indicative of low mole­
cular weight products which, upon analysis on Bio-Gel P-2 (not shown), 
proved to be monosaccharides. GLC disclosed that glucose (95%) and galac­
tose (3-5) were the sole reaction products. 
Figure 8. Seplharose distribution of hemicellulose B following treatment with purified endo- and 
exoglucanase proteins 
Two nig of hemicellulose B in one ml of Na-citrate-phosphate buffer (10 mM, pH 5.5) were 
incubated with 10 to 20 yg of endoglucanase protein (recovered from Bio-Gel P-100, 150-175 
ml) and 10 pg of exoglucanase protein (Bio-Gel P-100, 95-130 ml) for 24 hr at 30°C. After 
boiling, the mixture was applied to the Sepharose column. Total sugar (e #); hexose 
sugars (# •). 
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DISCUSSION 
It is apparent from this study that a number of B-D-glucanases are 
associated with isolated zea cell wall. The endoglucanase and exolaminari-
nase resolved by molecular sieve chromatography exhibited features which 
confirmed that they play major roles in the autolytic activity of isolated 
cell wall (13, 19, 21). These enzymes degraded e-D-glucan, as a component 
of hemicellulose B, in a manner similar to that observed for wall-bound 
glucanolytic activity (14). 
The endoglucanase showed a limited capacity to degrade g-D-glucan as 
the reaction proceeded with an accumulation of rather large polymeric 
products. That the polymeric glucan products were identical in molecular 
size distribution to those released from autolytically active wall confirms 
that the enzyme is responsible for initiating the in vitro solubilization 
of wall glucan. The apparent preference exhibited by the endoglucanase, 
and also by wall-bound endoglucanolytic activity, for high molecular weight 
substrate is some indication that the recognition and/or hydrolysis sites 
constitute a rather small percentage of the g-D-glucan. The endolaminari-
nase activity of the endoenzyme suggests that specificity is directed to­
ward 8-1,3 linkages. While structural analyses of coleoptile wall glucan 
imply that 8-1,3 linkages occur singly (38), the occurrence of some re­
gions of adjacent l-*3 linkages is presumed on the basis of the inability 
of the endoenzyme to mediate extensive hydrolysis of mixed-linkage sub­
strates. A model visualizing spans of adjacent 6-1,3 linkages in mixed-
linkage ylucans was proposed to explain the action of a purified endo-e-l. 
3-glucanase (E.G. 3.2.1.6) toward barley endosperm glucan (4). 
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Additionally, Wong and Maclachlan (35) identified laminaritriose as a 
minor enzymic product from 6-D-glucan. Chemical studies (4, 8) have pro­
vided confirming evidence for the adjacency of B-1,3 linkages in mixed-
linkage glucans. The action pattern of the zea cell wall endoglucanase is 
thus distinguished from that of the mixed-linkage specific glucanases (E.G. 
3.2.1.73) such as those from Bacillus subtiiis (25) and barley endosperm 
(7, 24), which generate characteristic oligosaccharide products from sub­
strates of mixed-linkage. Chen and Luchsinger (7) shewed that a mixed-
linkage specific glucanase from barley endosperm exhibited a preference for 
large molecular weight substrates; however, the products which appeared 
following short incubations with the glucanase were of considerably lower 
molecular size (1500 daltons) than the 10'^ dalton products generated by 
the Zea cell wall endoglucanase (14). 
Gel chromatography disclosed an exolaminarinase enzyme, and the sensi­
tivity of this protein to inorganic mercury was evidence for its involve­
ment in wall autohydrolysis. Huber and Nevins (14) demonstrated that 
monosaccharide products were not produced from enzymatically active wall 
incubated in the presence of inorganic or organic mercurials. The mercury-
sensitive exoglucanase appears to be an exo-8-l,3-glucanase (versus 8-
glucosidase) as the capacity of wall-derived protein to degrade nitrophenol 
glucoside and laminarin is affected differentially by pH and inhibitors 
(see Final Results and Discussion). 
Extensive hydrolysis of hemicellulosic glucan occurred only when the 
exoenzyme participated, and a consideration of the structural features of 
the glucan imply that, in addition to exolaminarinase, an exocellulase was 
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involved in the reaction. As a general rule, true exoenzymes display a 
rather high order of specificity regarding linkage requirements (29). A 
highly purified exo-g-l,3-glucanase from the yeast Klugveromyces exhibited 
little capacity to hydrolyze substrates containing both 1^3 and 1-4 link­
ages, apparently due to the inability of the enzyme to hydrolyze the 
0-1,4 bond (20). Exocellulase activity was detected in the salt-dissoci­
ated protein, but it was not satisfactorily resolved on Bio-Gel P-100 to 
permit a more direct assessment of its participation in glucan hydrolysis. 
Exocellulase activity has also been found to be associated with isolated 
Avena cell wall (11). 
Evidence that-hemicellulosic polysaccharides other than g-D-glucan 
were affected by the wall enzymes was provided by the appearance of galac­
tose as a minor component of the monosaccharides generated during hemi-
cellulose digestion assays. Huber and Nevins (14) reported that auto-
lytically active cell wall released quantities of galactose. Whether the 
3-galactosidase activity (Table 1) explains these observations is unknown; 
nonetheless, the solubilized galactosidase and the capacity of isolated 
cell wall to liberate galactose are both strongly inhibited (>95%) by in­
organic mercury (14). Kivilaan et al. (19) and Lee et al. (21) did not 
observe a production of galactose from enzymatically active wall, perhaps 
due to their wall isolation procedure which may have facilitated a perfer-
ential inactivation of the enzyme. Katz and Ordin (18) provided evidence i 
for a galactanase in Avena coleoptile wall as did Johnson et al. (16), who 
suggested that the enzyme may have some role in growth related processes. 
Wall-associated $-galactosidases have been reported in other tissues as 
well (27, 34, 37). 
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The solubilized wall enzymes caused extensive degradation of native 
cell wall. Attempts to obtain comparable levels of wall-degrading activity 
using individual or combined purified cell wall enzymes have not been suc­
cessful. The yields obtained when using purified enzymes are at best 60% 
of those obtained using unpurified enzyme preparations. It has been sug­
gested that a certain "wall-loosening factor" might play a role in the en­
zyme-mediated hydrolysis of plant cell wall (17). The participation of a 
wall-loosening protein in wall autohydrolysis can not be ruled out. 
The in vivo role of the wall-associated glucanases is not known, but 
they may be responsible for the modification of cell wall glucan, which 
occurs during auxin-induced growth (22, 30). Sakurai et al. (31) have re­
cently shown that decreases in molecular weight and viscosity of hemicellu-
lose B which occurred during auxin-induced growth could be attributed to 
a disappearance of high molecular weight (>10^ daltons) g-D-glucan. While 
this observation and others (18, 22, 30) imply that auxin might act on 
cell wall glucanases, to date we have not observed a modification in the 
autolytic potential of cell wall prepared from either auxin-treated Or 
auxin-deprived tissue. While we feel that the primary function of the cell 
wall glucanases is to participate in glucan metabolism, the effect of auxin 
on this process does not appear to involve a direct effect on the enzymes 
involved. 
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FINAL RESULTS AND DISCUSSION 
These studies establish that the g-D-glucan hydrolase system in zea 
coleoptile cell wall is composed of at least three and possibly four en­
zymes. The proposed scheme by which glucan hydrolysis is mediated and the 
enzymes involved are shown in Figure 1. 
The glucanases were found to be tenaciously associated with purified 
cell wall, and as judged by the failure of detergents and high salt con­
centrations to solubilize them it is considered likely that a similar as­
sociation exists in vivo. 
As enumerated in the previous sections, a number of workers have 
adopted the hypothesis that glucanases are involved in auxin-induced growth 
(37, 50-52, 62, 81-84). Evidence in support of this hypothesis emerged 
from studies employing nojirimycin, an inhibitor of glucosidases and exo-
glucanases (78) which has been observed to inhibit auxin-induced growth 
in both monocots (62, 63, 83) and dicots (30). The hypothesis has been 
questioned, however, by investigators who have reported discrepancies be­
tween the kinetics of growth inhibition and glucanase inhibition, when as­
sayed in vivo, by nojirimycin (23). In studies employing the 6-glucosidase 
inhibitor, glucono-6-1actone, Evans (24) has also presented evidence 
against the involvement of glycosidases in growth. These conclusions were 
largely based on the observation that the inhibitors suppressed the hydrol­
ysis of nitrophenol-B-D-gluGQside substrate by intact tissue sections either 
more effectively or more rapidly than they inhibited auxin-induced growth. 
One might draw the conclusions from these studies that wall glucanases, 
and by extrapolation wall glucan metabolism, are not involved in wall 
Figure 1. Diagrammatic representation of the enzyme-mediated hydrolysis of zea cell wall B-D-glucan 
Explanation: Circles represent glucose units; horizontal lines represent B-l->4 linkages, 
vertical lines 3-l->3 linkages. Hydrolysis is initiated at the regions marked by the 
vertical, solid-headed arrows by an endo 3-1,3-glucanase. Further hydrolysis is mediated 
by exo 3-1,3- and B-l,4-c|lucanases. The participation of a g-glucosidase is questioned 
(see Final Discussion). In the presence of inorganic mercury or organic mercurials, the 
activity of the exoenzymes is arrested permitting the recovery of "limit glucan" fragments 
with an average degree of polymerization of 55. (•) Nonreducing terminus. 
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loosening. It is argued, however, that the use of nitrophenol substrates 
does not provide an accurate assessment of the in vivo activity of enzymes 
involved in g-D-glucan metabolism. Data obtained from the autolysis ex­
periments strongly suggested that g-glucosidase activity did not play a 
significant role in in vitro wall g-D-glucan metabolism. 
One line of evidence against the involvement of a g-glucosidase in 
in vitro glucan metabolism was derived from studies employing the g-gluco-
sidase inhibitor, glucono-5-lactone (78) (Figures 2 and 3). When provided 
at a concentration of 5 mM glucono-6-lactone inhibited the autolytic 
solubilization of wall sugars by 22% (Figure 2, A) over the initial 4 hour 
period while at the same time it suppressed g-glucosidase activity by more 
than 90% (Figure 2, B). At a concentration of 1 mM, gluconolactone in­
hibited autolytic reactions by only 8.6% (Figure 3, A), yet at this con­
centration was nearly as effective as the higher concentration in suppress­
ing the activity of g-glucosidase (Figure 3, B). The reported instability 
of gluconolactone (78) was apparently not the reason for its ineffective­
ness against autolytic enzymes because after 10 hours g-glucosidase in­
hibition still exceeded 70%. Since both concentrations of the inhibitor 
were equally effective at inhibiting g-glucosidase activity the more pro­
nounced inhibition of autolytic reactions by the higher concentration (22 
vs. 8.6%) probably reflects the ability of the inhibitor, when supplied in 
sufficient concentrations, to suppress the activity of other enzymes (i.e., 
exoglucanases). 
A second line of evidence arguing against a role for g-glucosidase in 
autolytic reactions emerged from experiments employing the mercurial 
Figure 2. Effect of 5 mM glucono-6-lactone on the autolytic potential 
of zea cell wall 
Approximately 50 mg cell wall in Na-citrate-phosphate buffer 
(40 mM, pH 5.5) were incubated for 10 hr at 35°C. Control (•); 
wall provided with 5 mM gluconolactone (o). As gluconolactone 
is a relatively unstable inhibitor (78) an attempt was made to 
monitor its effectiveness during the reaction period. This 
was done by incubating a 10 mM solution of gluconolactone, buf­
fered and incubated in the same manner as described for the 
cell wall. At the time of each autolysis measurement (i.e., 
2, 4, 6, and 10 hr) a 0.5 ml aliquot of the gluconolactone 
was removed and to this was added 0.1 ml of a freshly prepared 
preparation of zea cell wall protein (specific activity of 
B-glucosidase, around 3 ymoles product per mg protein*min"^ 
using p-nitrophenol-e-D-glucoside) along with 0.4 ml of the 
Na-citrate-phosphate buffer. This mixture, as well as a con­
trol not containing the inhibitor, was adjusted to 3 mM with 
respect to p-nitrophenol glucoside and incubated for 15 min 
at 35 C. The reaction was terminated by adding 2 ml of 200 mM 
Na2C03 and free nitrophenol detected at 400 mM. The inhibi­
tion is expressed as à percentage of the control (B). 
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Figure 3. Effect of one mM glucono-ô-lactone on autolytic potential 
Details are as described in Figure 2 with the exception that glu-
conolactone was provided at a concentration of 1 mM. Control 
walls (•); walls containing 1 mM gluconolactone (o). A control 
solution of gluconolactone was included. Assays for g-glucosi-
dase activity were performed as described in Figure 2 (B). 
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inhibitors (Section 2). Inorganic mercury provided as mercuric chloride 
inhibited the autolytic production of monosaccharide by more than 95% and 
the products were recovered in the form of polymeric glucan. Even follow­
ing extended reactions in the presence of mercury, monosaccharide products 
were not evident, yet assays employing nitrophenol G-D-glucoside demon­
strated that inhibition of e-glucosidase activity by mercury did not ex­
ceed 60%. Additionally, almond e-glucosidase was incapable of liberating 
significant quantities of sugars from enzymatically inactive wall or of 
degrading the polymeric glucan generated by autolytically active wall. 
Nojirimycin, an inhibitor of glucosidases and exoglucanases, when pro­
vided at a concentration of 5 mM was nearly as effective as mercury in 
inhibiting autolytic reactions (Figure 4), but it was no more effective 
than was gluconolactone in suppressing e-glucosidase activity (not shown). 
Considerably lower levels of nojirimycin (lOrs M) were effective at in­
hibiting glucosidase activity (90%), but had little effect on autolytic 
reactions. Digby and Firn (23) reported that yM quantities of nojirimycin 
inhibited p-glucosidase activity assayed in vivo, but did not effect auxin-
induced growth. Their data show, however, that considerable inhibition of 
growth occurred when the inhibitor was supplied at mM concentrations. 
This was the concentration range required to adversely affect cell wall 
autolytic reactions (Figure 4). 
The final line of evidence against a role for a s-glucosidase in auto­
lytic reactions was obtained from pH studies. Figures 5 and 6 show that 
the release of total soluble sugars and reducing sugars both exhibited 
maximum rates in the pH range from 5.0 to 6.0. An exo-3-l»3-glucanase 
Figure 4. The effects of mercury and nojirimycin on zea cell wall autolytic potential 
Autolytically active cell wall was prepared and analytical methods were performed as 
described in Section 1. Reaction mixtures consisting of 50 mg cell wall in Na-citrate-
phosphate buffer (10 ipH 5.5) containing 0.02% sodium azide were incubated for 10 hr 
at 35°C. Control (•); wall provided with 5 mM nojirimycin (o); wall provided with 100 pM 
HgClg (v). 
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Figure 5. Effect of pH on zea cell wall autohydrolysis 
Approximately 50 mg zea coleoptile cell wall in 10 ml Na-citrate-phosphate buffer contain­
ing 0.02% sodium azide were incubated for 24 hr at 30°C. Analytical methods were as 
described in Section 1. The rate of production of reducing sugars and total sugars, ex­
pressed at yg per mg cell wall dry weight*hr~^, was calculated from data obtained from 
four readings taken during the first 6 hr reaction period. Total yield (yg per mg cell 
wall dry weight) was calculated after the 24 hr period. After terminating the reactions 
the residual wall material was subjected to enzymolysis with the Bacillus subtuis glu-
canase. Products generated by the bacterial glucanase are expressed as yg residual cell 
wall! glucan per mg cell wall dry weight. 
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Figure 6. Effect of pH on zea cell wall autohydrolysis performed in the presence of 100 nM HgCl2 
Approximately 50 mg coleoptile cell wall were handled as described in Figure 5. The reac­
tion mixtures were provided with 100 yM HgClo. The rate of production of total soluble 
sugars (vg per mg-hr*^) and the total yield (vg per mg) were calculated as described in 
Figure 5. Reducing sugars were not released in sufficient quantities to permit an accur­
ate estimate of their rate of production; thus they are expressed as a percentage of the 
total soluble sugars liberated. 
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(exolaminarinase) resolved on Bio-Gel P-100 (Section 3) was further puri­
fied by a cation-exchange procedure (Figure 7) and was found to have a pH 
optimum of 5.0 (Figure 8). This value approximately coincides with the pH 
optimum for the production of reducing sugars during autolytic reactions. 
The somewhat broad pH optimum, from 5.0 to 6.0, of autolytic reactions 
probably reflects the multienzyme nature of the process. The pH charac­
teristics for autolytic reactions provided with the exoenzyme inhibitor, 
inorganic mercury, were distinguished by an optimum pH of 4.5 for reducing 
sugar production (Figure 6). Nonetheless, in the presence of Hg^"*"'reduc­
ing sugars constituted a minor percentage (less than 12%) of the total 
products recovered and probably reflected the participation of a 6-glu-
cosidase. The inhibition of nitrophenol-S-D-glucoside hydrolysis in the 
presence of mercury did not exceed 60%. The rather sharp pH optimum of 
5.5 exhibited by autolytic reactions performed in the presence of mercury 
probably represents an accurate estimate of the pH optimum for activity of 
the endoglucanase, whose activity was not noticably affected by inorganic 
mercury (Sections 2 and 3). 
Considered together, the evidence above argues for a minimal role of 
a B-glucosidase in in vitro glucan metabolism. It is possible that a 6-
glucosidase participates as an oligosaccharidase, acting on products 
generated by the combined action of the exoglucanases. It is nonetheless 
difficult to reconcile how this role might contribute to the rheological 
modifications which affect the cell wall during auxin-induced growth. Its 
function might be critical if, for example, growth-dependent metabolism re­
quired glucose, perhaps via its incorporation into other wall glueans or 
transport intracellularly. 
Figure 7. CM-Sephadex profile of zeî cell wall exo-6-l,3-glucanase (exolaminarinase) 
Approximately one mg of protein recovered from fractions 95-130 ml of the Bio-Gel 
P-100 profile (Section 3) was concentrated to a volume of 5 ml (Amicon, DM 5) and dia-
ly;z;ed against Na-acetate buffer (20 mM, pH 5.5) containing 20 mM NaCl. It was then ap­
plied to a bed (1.2 X 12 cm) of CM-Sephadex which had been equilibrated and packed in 
Na-acetate buffer (20 mM, pH 5.0) containing 20 mM NaCl and 0.02% sodium azide. Elution 
was initiated with the starting buffer and 3 ml fractions collected at a flow rate of 
10 ml'hr-i. A linear sodium chloride gradient was generated from 250 ml of the starting 
buffer and 250 ml of the buffer containing 600 mM sodium chloride. The gradient frac­
tions (4 ml) were collected at a flow rate of 8 ml'hr"^ until the gradient was exhausted. 
Exo-3-l,3-glucanase (exolaminarinase) activity was detected using laminarin as substrate. 
One-half mg laminarin in 0.5 ml Na-citrate-phosphate buffer (10 mM, pH 5.0) and 0.1 ml 
of the CM-Sephadex fractions were incubated for two hr at 30 C. Products were detected 
using the Nelson-Somogyi assay. The arrow indicates the point at which the gradient 
was initiated. 
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Figure 8. Effect of pH on the activity of purified exo-3-l,3-glucanase (exolaminarinase) 
Two mg of laminarin in 0.5 ml of Na-citrate-phosphate buffer (Mcllvaine, 0.1 strength) and 
0.1 ml of the concentrated exolaminarinase recovered after CM-Sephadex chromatography 
(Figure 7) were incubated for one hr at 24°C. Products were detected reductometrically 
using the Nelson-Somogyi assay. Activity is expressed as wg reducing equivalents pro­
duced during incubation for one hr. Values are corrected for boiled enzyme controls. 
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It can also be considered that a g-glucosidase might function in the 
capacity of a glucosyl transferase protein (69, 77). A role for trans­
ferase enzymes in wall loosening metabolism has been suggested (1, 101). 
Unlike wall metabolism occurring during fruit ripening (4, 10, 71, 93, 98) 
and seed germination (5-7, 74), which is accompanied by the extensive 
solubilization and subsequent weakening of the wall, the changes occurring 
in growing tissues are not accompanied by a deterioration of the wall (1, 
15, 46). Thus, it is reasonable to expect that certain en^es, following 
polysaccharide hydrolysis, function in the capacity of 'repair enzymes' 
(transferases) to restore (maintain) the wall to its initial state (1, 
101). The point is made, however, that glucan degradation per se is not 
dependent on g-glucosidase activity. Therefore, the use of nitrophenol 
substrates to assess the role of glucanases in growth metabolism is not 
an appropriate index of the activity of enzymes whose primary function is 
to hydrolyze p-D-glucan. 
Whereas a g-glucosidase did not appear to be required, the data 
clearly indicatecJ a necessity for both exo g-1,3- and èXô-6-i,4-g lu carta ses 
(Section 3). The exo-g-l,3-glucanase purified by cation-exchange chroma­
tography was alone unable to degrade mixed-linkage glucans. The inability 
of the endoglucanase to extensively hydrolyze g-D-glucan (Sections 2 and 3) 
was evidence for the necessity of exo-g-1,4- as well as exo-g-l,3-glucan-
ase enzymes. Solubilization of endosperm cell wall glucan during germina­
tion apparently involves endocellulases, endolaminarinases and glucanases 
specific for mixed-linkage substrates, which together generate oligosac­
charide products from mixed-linkage substrates (7, 9, 14, 74). In 
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this instance, a necessity for exoenzymes, with the possible exception of 
a 3-glucosidase, is not apparent. 
Physiological studies indicated that the zea cell wall glucanases 
are not under the direct control of auxin. Auxin rapidly stimulated the 
growth of excised corn coleoptiles, yet had no discernible effect on the 
autolytic activity of cell wall derived from either auxin-treated or auxin-
deprived tissue. These results are in contrast to those of Heyn (33) and 
Katz and Ordin (37), who both reported a stimulation in glucanase activity 
in cell wall derived from auxin-treated Avena coleoptiles. In neither in­
stance was an attempt made to identify the enzymes involved and to deter­
mine precisely what cell wall component(s) was being degraded. Auxin pre-
treatment has no effect on the in vitro autolytic activity of Avena coleop-
tile cell walls when they are prepared in accordance with the procedure 
described in Section 1 (Dr. Naoki Sakurai, Department of Botany, Iowa State 
University, Ames, Iowa, personal communication). 
The wall isolation procedure employed in these studies was in many 
manners less destructive to wall-bounu enzymes and ylêluëu walls which ex­
hibited a higher and more consistent autolytic potential than those pre­
pared by other means (41). In previous studies of zea cell wall autolytic 
reactions, the reported variability in wall autolytic potential may be ex­
plained, in part, by the fact that walls, after isolation, were subjected 
to drying by desiccation and stored in a dehydrated state. Our studies 
indicated that autolytic potential was adversely affected when wall was 
subjected to drying either by desiccation or solvent exchange (not shown). 
The apparent consequences of dehydrating cell wall prior to autolytic ex­
periments became more pronounced with increased storage time. 
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Considerable measures were taken to ensure that participation of cyto­
plasmic constituents, perhaps present as wall contaminants, in autolytic 
reactions was minimized (Section 1). The possibility that some critical 
factor, perhaps wall bound in vivo was leached from the wall during their 
isolation was also investigated. The addition to autolyzing cell wall of 
protein and dializable components recovered from wall-free coleoptile 
tissue homogenates had no observable effect on autolytic potential (not 
shown). 
In view of the tenacious association between the autolysins and the 
cell wall, and the apparent insolubility of both, it is difficult to vis­
ualize how the enzymes function in B-D-glucan hydrolysis. In contrast to 
autolysis in bacteria (87) and yeast (28) which is accompanied by the re­
lease of autolytic enzymes, particularly during the latter stages of wall 
dissolution, only trace quantities of enzyme activity were released during 
zea autolytic reactions. The possibility that a population of covalently 
bound autolysins exists can not be precluded. Covalently associated per­
oxidase (21) and invertase (70) have been claimed based on the failure of 
detergents and high ionic strength (up to 1 M) to solubilize them. By 
these criteria, at least a portion of the autolysins appeared to represent 
covalently bound enzymes. There has, however, been no clear demonstration 
of the presence in plants of cell wall enzymes bound through covalent 
associations. 
These studies establish for the first time detailed information on the 
wall-bound glucanolytic enzymes of coleoptile tissue, the classical one 
for investigations of the mechanism of auxin action. Whether glucan 
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metabolism and the wall glucanases are involved in wall loosening remains 
obscure. These studies and others being carried out in Dr. Masuda's labor­
atory (Dr. Naoki Sakurai, personal communication) would indicate that glu-
can metabolism (degradation) may not be directly involved in the chemistry 
of wall extension. In view of our lack of knowledge concerning how g-D-
glucan is associated with other wall polysaccharides, and how it contrib­
utes to the physical properties of plant cell wall, a thorough understand­
ing of the physiological significance of glucan metabolism requires that 
these deficiencies be rectified. 
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